






2L .TEXT-BOOK 


Oft 

MINERALOGY,. 


WITH AN EXTENDED TREATISE ON 

r i%- - 

V' 

CRYSTALLOGRAPHY AND PHYSICAL MINERALOGY. 


MY 

EDWARD SALISBURY DANA, 

CURATOR OY MUTER A.LOGT, TALI OOLX.EGE. 


ON THE PLAN AND WITH THE CO-OPERATION 
OF 

PROFESSOR JAMES D. DANA 


WITH UPWARDS OF EIGHT HUNDRED WOODCUTS AND ONE COLORED PLATE. 


NEWLY REVISED AND ENLARGED, 
(lira Edition.) 


NEW YORK ; 

JOHN WILEY & SONS, 

IS Amos Place. 

1886. 




PREF 


Thk preparation of a “ Text-Book of Mineralogy ” was undertaken in 
1868, by Prof. J. D. Dana, immediately after the publication of the fifth 
edition of the System of Mineralogy. The state of his health, however, 
early compelled him to relinquish the work, and he was not able subsequently 
to resume it. Finally, after the lapse of seven years, the editorship of the 
volume was placed in the hands of the writer, who has endeavored to carry 
out the original plan. 

# 

The work is intended to meet the requirements of class instruction. With 
this end in view the Descriptive part has been made subordinate to the 
more important subjects embraced under Physical Mineralogy. 


The Crystallography is presented after the methods of Naumann; his 
system Wing most easily understood by the beginner, and most convenient 
for giving a general knowledge of the principl^of the Science. For use 
in calculations, however, it Jttmnch less satisfRtory than the method of 
Miller, and a concise exposifl^Af Miller’s System has accordingly been 
added in the Appendix. The c^ttbr on the Physical Characters of Min- 
erals has been expanded to a c^Bderable leifgth, but not more than was 
absolutely necessary in order to make clearly intell^ble the methods of 
using the principles in the practical studyfef crystals. For a still fuller 
discussion of these subjects reference may lAnade to the works of Schrauf 
and of Groth, and for details in regard to f^Hptical characters of mineral 
species to the Mineralogy of M. DesCloizear^B 


The Descriptive part of the volume is an abridgment of the System of 
Mineralogy, and to that work the student is referred for the history of each 
species and a complete list of its synonyms ; for an enumeration of ob- 
served crystalline planes, and their angles ; for all published analyses; 
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■ for a f nller description of localities and methods of oecurre ice, and also foi 
an account of many species of uncertain character, not mentioned in the 
following pages. A considerable number of changes and additions, how- 
ever, have been made in the preparation of the present work, made neces- 
sary by the progress in the Science, and among these are included many 
new species. The chemical formulas are those of modern Chemistry. The 
new edition of Rammelsberg’s Handbuch der Mineralchemie has been 
often used in the preparation of the volume, and frequent references to him 
will be fonnd in the text. 

The work has throughout been under the supervision of Prof. Dana, and 
all the proofs have passed under his eye. Acknowledgments are also due 
to Prof. G. J. Brush and Prof. J. P. Cooke for friendly advice on many 
points. 


PREFACE TO THE REVISED EDITION. 


In this Revised Edition, the chief additions are contained in four sup- 
plementary chapters, covering about fifty pages. Of these, two are devoted 
to descriptions of new instruments and methods of research in Crystallog- 
raphy and Physical Mineralogy; and the others to brief descriptions of 
the minerals recently announced, and a concise statement of important 
new facts in regard to the characters or occurrence of old species. A 
number of new figures are introduced iu illustration of these subjects. 
The work has been repaged ; and a new index, much more complete than 
the former one, lias been added. 


Naw Haven, January , 1888. 
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INTRODUCTION. 


The Third Kingdom of Nature, the Inorganic, embraces all species no! 
organized by living growth. Unlike a plant or animal, an inorganic spe- 
cies is a simple chemical compound, possessing unity of chemical and physi- 
cal nature throughout, and alike in essential characters through all diversity 
of age or size. 

The Science of Mineralogy treats of those inorganic species which occur 
ready formed in or about the earth. It is therefore but a fragment of the 
, Science of Inorganic nature, and it owes its separate consideration simply 
to convenience. 

The Inorganic Compounds are formed by the same forces, and on the same principles, 
whether produced in the laboratory of the chemist or in outdoor nature, and are strictly no 
more artificial in one oase than in the other. Calcium oarbonato of the ohemioal laboratory 
is in every character the same identical substance with calcium carbonate, or oalcite, found 
in the rocks, and in each oase is evolved by nature’s operations. There is hence nothing 
whatever in the character of mineral species that entitles them to constitute a separate 
division in the natural classification of Inorganic species. 

The objects of Mineralogy proper are three-fold : 1, to present the true 
idea of each species ; 2, to exhibit the means and methods of distinguishing 
species, which object is however partly accomplished in the former ; 3, to 
make known the modes of occurrence and associations of species, and theism 
geographical distribution. 

In presenting the science in this Text Book, the following order is 
adopted : 

I. Physical Mineralogy, comprising that elementary discussion with 
regard to the structure and form, and the physical qualities essential to a 
right understanding of mineral species, and their distinctions. 

IL Ohemioal and Determinative Mineralogy, presenting briefly the 
general characters of species considered as chemical compounds, also giving 
the special methods of distinguishing species, and tables constructed for fchfi 
purpose. The latter subject is preceded by a few words on the use of the 
blow-pipe. 

W. Descriptive Mineralogy, comprising the classification and descrip- 
tions of species and their varieties. The descriptions include the physical 
and chemical properties of the most common and important of the minerals, 
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irim some account also of their association and geographical distribution. 
The rarer species, and those of uncertain composition, are only very briefly 
noticed. 

5*^de« the above, there is also the department of Economic Mine) alogy which is not here 
ineiwied. It treats of the uses of minerals, (1) as ores ; (2) in jewelry ; and (8) in the ooarser 
arts* 

The following subjects connected with minerals properly pertain to Geology : 1, LUhoLo- 

a eciogy^ or Lithology , which treats of minerals as constituents of rooks. 2, Chemical 
• w j*tch considers in one of its subdivisions the origin of minerals, as determined, in 
J wumietry, by the associations of species, the alterations which Bpecies are liable 
which they are known to have undergone, and the general nature, origin, and changes 
Qfthe earths rook formations. Under chemical geology, the department which considers 
CspMially the associations of species, and the order of succession in such associations, has 
teoeived the special name of the paragencsis of minerals ; while the origin of minerals or 
toys through alteration, is called metamorphism or pseudomorphism, the latter term being 
Wsuleted to those oases in which the crystalline form, and sometimes also the oleavajre. of 
a mineral is retained after the change. 



LITERATURE. 

For a catalogue of mineralogioal works, and of periodicals, and transactions of Scientific 
Societies in winch mineralogies! memoirs have been and are published, reference is mado to 
the System of Mineralogy (1868), pp. xxxv-xlv., Appendix II. (1814), and Appendix III, 
£882). The following works, however, deserve to be mentioned, as they will be found use- 
ful as books of reference. 

In Crystallography • 

Kaumann. Lehrbuch der reinen und angewandten Krystallographie. 2 vols., 8vo. 
Leipzig, 1829. 

Baumann. Anfangsgrtlnde der Krystallographie. 2d ed., 292 pp., 8vo. Leipzig, 1854. 

Baumann. Elemente der theoretischen Krystallographie. &83 pp., 8vo. Leipzig, 1856. 

Miller . A Treatise on Crystallography. Cambridge, 1889. 

Grailich. Lehrbuch der Krystallographie von W. H Miller. 828 pp., 8vo. Vienna, 1856. 

Kopp . Einleituug in die Kiystallographie. 848 pp. , 8vo. Braunschweig, 1862. 

Von Lang . Lehrbuch der Krystallographie. 858 pp., 8vo. Vienna, 1866. 

Quenstedt . Grundriss der bestimmenden und rechnenden Krystallographie. Tilbingen, 

Bose-Sadebeck. Elemente der Krystallographie. “d ed., vol. i., 181 pp , 8vo. Berlin, 
1878. Vol. ii., Angewandte Krystallographie. 284 pp., 8vo. Berlin, 1876. 

Schrauf. Lehrbuch der Physikalischen Mineral ogic. Vol. i., Krystallographie. 251 
pp., 8vo., 1866; vol. ii., Die angewandte Physik der K ry stall e. 426 pp. Vienna, 1868. 

Groth v Physikalische Krystallographie. 527 pp., 8vo. Leipzig, 1876. 

Klein ] Einleitung in die Krystal I bercchnung. 898 pp., 8vo. Stuttgart, 1876. 

Mallard. Traits ae Cristallographio geoinetrique et pnysiuue, vol. i. Paris, 1876. 

Bauer man. Text-Book of Systematic Mineralogy. Vol. i., 867 pp , 12mo. London, 

1881. 


Liebisch. Geometrische Krystallographie. 464 pp., 8vo. Leipzig, 1881. 

Tschermak . Lehrbuch dor Mineralogie. Lief. 1., 11., pp. 1-808. Vienna, 1881-82. 

In Physical Mineralogy the works of Sclirauf (1868), and Groth (1876), and Tschermak, 
titles as in the above list. Reference is also made to the works on Physics, mentioned on 
p. 160. In addition to these, on pp. Ill, 122, 160, 107, 171, 190, a few’ memoirs of especial 
importance on the different subjects are enumerated. 

In Chemical Mineralogy : Bammelsber gyHfimlbuch der Mineral chemie, 2d ed., Leipzig, 
1875. In Determinative Mineralogy, Brushy New York, 1878. 

In Descriptive Mineralogy : among recent works those of Brooke and Miller (2d ed. oi 
Phillips’ Min.), London, 1852; Quenstedt, 8d ed., Tilbingen, 1877; Schrauf \ Atlas del 
Krystallforraen, Lief. I.-V., 1871-1878 ; Groth (Tabellarische Uebersicht der Mineralien, 
etc.), 2d ed., 1882; v. Kokscharof, Materialien zur Mineralogie Russlands, vol. i., 1865, 
vol. viii., 1881 ; I)es Cloizeaux , vol. i., 1862, vol. ii., Paris, 1874; Dana , System of Miner- 
alogy, 1868, App. I., 1872, App. II., 1874, App. III., 1882; Blum, 4th ed., 1874; Bau- 
mann-Zirkel , 11th ed., 1881. 

The following publications are devoted particularly to Mineralogy ; 

Jahrbuch fUr Mineralogie ; G. Leonhard and II. B. Geinitz, Editors ; after 1879, E. W. 
Benecke, C. Klein, and H. Rosenbusch. 

Mineralogische Mittheil ungen ; commenced 1872, G. Tschermak, Editor ; since 1878, 
published as the Mineralogische und Petrographischo Mittheil ungen. 

Mineralogical Magazine and Journal of the Mineralogical Society ; London, and Truro, 
Cornwall. Commenced 1875. 

Zeitschrift fiir Krystallographie ; P. Groth. Editor ; Leipzig. Commenced 1876. 

Bulletin de la SociSte Mmeralogique de France. Commenced 1878. 


ABBEEYIATIONS. 

For abbreviations of the names of Mineralogical works, of Journals, publications ol 
Scientific Societies, etc., see System Min., 5th ed., pp. xxxv.-xlv., App. III., p. viii. 

The following abbreviations are used in the Description of Species. 

B.B. Before the Blowpipe (p. 210). Obs. Observations on occurrence, etc. 

Oomp. Composition. O.F. Oxidizing Flame (p. 204). 

Diffi Differences, or distinctive characters. Fyr. Pyrognostics. 

G. Specific Gravity. Q. Ratio. Quantivalent Ratio (p. 198). 

Germ. German. K.F. Reducing Flame (p. 204). 

H. ' Hardness. Var. Varieties. 

An asterisk ( # ), appended to the name of a mineral species in the Descriptive part of thil 
work, indicates that additional facts in regard to it are mentioned in the Supplementary 
Chapter, pp. 420 to 440. 
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PART I 


PHYSICAL MINERALOGY. 


The grand departments of the science here considered are the following: 
1. Structure. — Structure in Inorganic nature is a result of mathemati- 
cal symmetry in the action of cohesive attraction. The forms produced 
are regular solids called crystals ; whence morphology is, in the Inorganic 
kingdom, called orystallology. It is the science of structure in this king- 
dom of nature. 

2. Physical properties of Minerals, or those depending on relations to 
light, heat, electricity, magnetism ; on differences as to density or specific 
gjfovity, hardness, taste, odor, etc. 

Orystallology is naturally divided into, I. Crystallography, which treats 
of the forms resulting from crystallization ; IL Crystallogbny, which de- 
scribes the methods of making crystals, and discusses the theories of their 
origin. Only the former of these two subjects is treated of in this work. 


SECTION L 


CRYSTALLOGRAPHY. 


Crystallography embraces the consideration of — (1) normally formed or 
regular crystals ; (2) twin or compound crystals ; (3) the irregularities oi 
crystals ; (4) crystalline aggregates ; and (5) pseudomorphous crystals. 

1. General Characters or Crystals. 


(1) External form . — Crystals are bounded by plane 'surfaces, 
died simply planes or faces, symmetrically arranged in refer- 
— one or more diametral lines called axes. In the an- 


call 

eace to 
nexed 

arranged with reference to the vertical axis o o ; and. also the 
planes of each kind with reference to the three transverse axes. 


the planes 1 and the planes i are symmetrically 
>fer~ - .. A., v ’ A 




*ij®#8s,,iM always essentially the same, wherever the crystal is found, and 
whether a product of nature or of the laboratory. 
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(8) Difference of angle of different species. — The crystals of different 
species commonly differ in angles between corresponding planes. The 
angles of crystals are consequently a means of distinguishing species. 

(4) Diversity of planes. — While in the crystals of a given species there 
is constancy of angle between like planes, the forms of the crystals may be 
exceedingly diverse. The accompanying figures are examples of a few of 
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the forms of the species zircon. There is hardly any limit to the number of 
forms which may occur ; yet for each the angles "between like planes are 
essentially constant. 

Crystals occur of all sizes, from the merest microscopic point to a yard or more in diame- 
ter. A single crystal of quartz, now at Milan, is three and a quarter feet long, and five and a 
half in circumference ; and its weight is estimated at eight hundred and seventy pounds. 
A single cavity in a vein of quartz near the Tiefen Glacier, in Switzerland, discovered in 
1867, has afforded smoky quartz crystals weighing in the aggregate about 20,000 pounds ; a 
considerable number of the single crystals having a weight of 200 to 850 pounds, or even 
more. One of the gigantic beryls from Ac worth. New Hampshire, measures four feet in 
length, and two and a half in circumference; and another, at Grafton, is over four feet long, 
and thirty-two inches in one of its diameters, and does not weigh less than two and a half 
tons. But the highest perfection of form and transparency are found only in crystals of 
■mall aiie. 

In its original signification the term crystal was applied only to crystals of quartz (f. 1), 
which the ancient philosophers believed to b e water congealed by intense oold. Henoe the 
term, from "pvaraWot, ice* 

(5) Symmetry in the position of planes. — The planes on the crystals 
of any species, however numerous, are arranged in accordance with certain 
laws of symmetry and numerical ratio. If one of the simpler forms be 
taken as a primary or fundamental foim^ all other planes will be secondary 
planes, or modifications of the fundamental form. It should be observed, 
nowever, that the forms called primary and fundamental in crystallographic 
description, are in general merely so by assumption and for convenience 
of reference. (See aiso p. 12.) 

deamge . — Besides external symmetry of form, crystall zation produces 
also regularity of internal structure, and often of fracture. This regular- 
ity of fracture, or tendency to break or cleave along certain planes, is called 
ffimmge. The surface afforded by cleavage is often smooth and brilliant. 
The directions of cleavage are those of least cohesive force in a crystal j it 
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is not to be understood that the cleavage lamellae are in any sense present 
before they are made to appear by fracture. 

In regard to cleavage, two principles may be here stated : — (a) In any 
species, the direction in which cleavage takes place is always parallel to 
some plane which either actually occurs in the crystals or may exist there 
in accordance with the general laws which will be stated hereafter. 

(b) Cleavage is uniform as to ease parallel to all like plaues ; that is, if 
it may be obtained parallel to one plane of a kind (as 1, r. 1), it may be ob- 
tained with equal facility parallel to each of the other planes 1 ; and will 
afford planes of like lustre. This is in accordance with the symmetry of 
crystallization. It will be evident from this that the angles between planes 
of like cleavage will be constant : thus, a mass of calcite under the blow of 
a hammer will separate into countless rhombohedrons, each of which affords 
on measurement the angles 74° 55' and 105° 5'. In a shapeless mass of 
marble the minute grains have the same regularity of cleavage structure. 
See further, p. 119. 

2. Descriptions of some of the simpler forms of Crystals. 

Preliminary Definitions. Angles . — In the descriptions of crystals three 
kinds of angles may come under consideration, solid, plane, and interfar 
dal . The last are the inclinations between the faces or planes of crystals. 

Axes. — The crystallographic axes are imaginary lines passing through 
the centre of a crystal. They are assumed as axes in order to describe, by 
reference to them, the relative positions of the different planes. One of 
thdaxes is called the vertical, and the others the lateral; the number of 
lateral axes is either two or three . The axes have essentially the same re- 
lative lengths in all the crystals of a species ; but those of different species 
often differ widely 

Diametral planes . — The planes in which any two axes lie are called the 
axial ox diametral planes or sections ; they are the coordinate planes of an- 
alytical geometry. They divide the space about the centre into sectants; 
into eight sectants, called octants , if there are but two lateral, axes, as is 
generally the case ; but into twelve sectants if there are three, as in hexa- 
gonal crystalline forms. 

Diagonal planes are either diagonal to the three axes, as those through 
the centre connecting diagonally opposite solid angles of a cube, oi diag- 
onal to two axes, and passing through the third, as those connecting diag- 
onally opposite edges of the cube. 

Similar planes and edges are such as are similar in position, and of like 
angles with reference to the axes or axial planes. Moreover, in the case of 
similar edges, the two planes by whose intersection the edges are formed, 
meet at the same angle of inclination. For example, all the planes and 
edges of the tetrahedron (f. 9), regular octahedron . (f. 11), cube (f. 14), 
rhorphic dodecahedron (f. 19), are similar. In the rhombohedron (f. 16) 
there arp two sets of similar edges, six being obtuse and six acute. 

Solid angles are similar when alike in plane angles each for each, and 
when formed by the meeting of planes of the same Kind. 

A combiruition-edge is the edge formed by the meeting or intersection of 
two planes. 



CRYSTALLOGRAPHY. 


« Truncations, bevelments . — In a crystal, an edge or angle it said to be re- 
placed when the place of the edge or angle is occupied bj one or more 
pllines; and in the case of the replacement of an edge, the replacing 
planes make parallel intersections with the including planes, that is, with 
the direction of the replaced edge (f. 43). 

A replacement of an edge or angle is a truncation when the replacing 
plane makes equal angles with the including planes. Thus, in f. 6. i-i 
truncates the edge between I and 7. 

An edge is said to be bevelled when it is replaced by two similar planes, 
that is, by planes having like inclinations to the adjoining planes. Thus, 
in f, 6, the edge between 3, 3, is bevelled by the two planes 3*3, 3-3, the right 
8-3 and 3 having the same mutual inclination as the left 3*3 and 3. So, 
in f. 192, p. 43, the edge between 7 and 1 is bevelled by the planes ir 2 , i- 2 . 
Truncations and bevelments of edges take place only between similar 
planes. Thus 7, 7, and 3, 3, are similar planes in fig. 5. The edge i|i might 
be truncated or bevelled , for the same reason ; but not the edge between 1 
and 7, since 1 and 7 are dissimilar planes. 

A zone is a series of planes in which the combination-edges or mutual 
intersections are parallel Thus , in fig. 3, the planes 1, 3, 1 make a vertical 
zone; so in f. 8, the planes between 1 and i-i make a zone, and this zone 
actually continues above and below, around the crystal ; in f. 5, the planes <. 
3, 3-3, 3-3 , 3 are in one zone ; and i-i , 7, i-i, 7, in another. On the true 
meaning of zones, see p. 53. 

The above explanations are preliminary to the descriptions of the forms 
of all crystals. 

A. — Forms contained under four 
equal triangular planes. — A. Regu- 
lar tetrahedron (f. 9). Edges six ; solid 
angles four. Faces equilateral trian* 

f les, and plane angles therefore 60°. 

nterfacial angles 70° 31' 44". Named 
from rirpaKi 9 , four times , and e8pa, 
face. 

2. Sphenoid (f. 10). Faces isosceles triangles, not equilateral. Plane and 
interfacial angles varying ; the latter of two kinds, {a) two terminal, (5) four 
lateral. Named from a wedge . 

B.~ Forms contained under eight triangular planes. — The solids 
here included are called octahedrons , from o/ctokis, eight times , and SSpa, 
face . They have twelve edges ; and six solid angles. One of the axes, 
when they differ in length, is made the vertical axis ; and the others are 
the lateral axes. The scSid angles at the extremities of the vertical axes are 
the vertical or terminal solid angles ; the other four are the lateral. The 
four edges meeting in the apex of the terminal solid angle are the terminal 
edges ; the others, the lateral or basal edges. 

1. Regular Octahedron ( f.ll). Faces equilateral triangles. Interfacial 
angles 109° 28' 16" ; angle between the planes over the apex of a solid 
angle 70° 31' 44" ; angle between edges over a solid angle 90°. The three 
axes are equal, and hence either may be made the verticil. Lines connect- 
ing the centres of opposite faces are called the octahedral or trigonal infer- 
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ttoces ; and those connecting the centres of opposite edges the dodecahedral 
or rhombic interaxes. 

2. Square Octahedron (f. 12, f. 12a). Faces equal isosceles triangles, 
not equilateral. The four terminal edges are equal and similar; and sc 
also the four lateral. 



The lateral axes are equal ; the vertical axis may be longer or shorter 
than the lateral. 

3. The rhoinbic octahedron (f. 13) differs from the square octahedron in 
having* a rhombic base, and consequently the three axe3 are unequal. The 
basal edges are equal and similar ; but, owing to the unequal lengths of 
the lateral axes, the terminal edges are of two kinds, two being shorter 
and more obtuse than the other two. 

C. — Forms contained under six equal planes. — The forms here in- 
cluded have the planes parallelograms ; the edges are twelve in number 
and equal ; the solid angles eight. 

1. Oube(i. 14). Faces equal squares, and plane angles therefore 90°. 
Th x e twelve edges similar as well as equal ; the eight solid angles similar and 
equal. Interfacial angles 90°. The three axes equal and intersecting at 
right angles. 

Lines connecting the apices of the solid angles are the octahedral or tri- 
gonal interaxes , and those connecting the centres of opposite edgeB the 
dodecahedral or rhombic inter axes. If the cubic axis (=edge of the cube) 
=1, then the dodecahedral interaxes = V'2 —1.41421 ; and the octahedral 
interaxes = |/ST = 1.73205. And if the dodecahedral axis = 1, then the 
octahedral = 1.224745. 



If a cube is placed with the apex of one angle vertically over that diagonally opposite, that 
fs» with on octahedral inter axis vertical, the parts are all symmetrically arranged around 
hits vertical axis. In this position (f. 15) the cube has three planes inclined toward one apex, 
and three toward the other : it has three terminal edges meeting at each apex ; and six late- 
ral edges situated symmetrically, but in a zigzag, around the vertical axis. If lines are 
drawn connecting the centres of the opposite lateral edges, and these are taken as the lateral 
axes, the lateral axes, three in number, will lie in a plane at right angles to the vertical, and 
will intersect at the centre at angles of 30°. The cube placed in this position would then havt 
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one vertical and three equal lateral axes ; and as the lateral axes correspond to the dodeca 
hedral interaxes of a cube, the ratio of a lateral axis to the vertical is 1 : 1.224745. 


2. Hhombohed/ron (f. 16 to 18). Faces equal rhombs. The twelve edges 
of two kinds; six obtuse, and six acute, Solid angles of two kinds ; two 
symmetrical, consisting each of three equal plane angles; the other six un- 
symmetrical, the plane angles enclosing them being of two kinds. 

The rhombohearon resembles a cube that has been either shortened, or 
lengthened, in the direction of one of the octahedral axes, the former mak- 
ing an obtuse rhombohedron, the latter an acute / and it, is in position when 
this axis is vertical, the parts being situated symmetrically about this axis, 
as in the second position of the cube above described. In an obtuse rhom- 
bohedron (f. 16, 17), the terminal solid angles are bounded by three obtuse 
plane angles, and the other six, which are the lateral, by two acute and one 
obtuse ; the six terminal edges (three meeting at each apex) are obtuse, and 
the six lateral edges are acute. Conversely, in an acute rhombohedron (f. 
18) the terminal angles are made up of acute plane angles, and the lateral 
of two obtuse and one acute ; the six terminal edges are acute, and'tlie six 
lateral obtuse. The axes are a vertical, and three lateral ; the lateral axes 
connect the centres of opposite lateral edges and intersect at angles of 60°. 

The cube in the second position (f. 15) corresponds to a rhombohedron 
of 90°, or is intermediate between the obtuse and the acute series. 

D. — Forms contained under twelve equal planes. 1. 


19 Ii/iorubic Dodecahedron (f. 19). Faces rhombs, with the 

plane angles 109° 28' 16", 70° 31' 44". Edges twenty-four, 
X- \\ all similar; interfacial angle over each edge 120°. Solid 
/Xj'ij n an £^ e8 °f two kinds : (a) six acute tetrahedral, being formed 
\>v§lLv?/ ^ onr a c u te plane angles; and (b) eight obtuse trihedral, 
^eing formed of three obtuse plane angles. Angle between 
>1^ planes over apex of tetrahedral solid angle, 90° ; angle between 

edges over the same 109° 28' 16". The axes three, equal, 
rectangular, and therefore identical with those of the regular octahedron 
m cube. The dodecahedral interaxes connect the centres of opposite 
fSibes ; and the octahedral the apices of the trihedral solid angles. jNamed 
' from ScoSetca, twelve, and liS pa, face. 

90 2. Pyramidal do decahedron , , or Quartzoid. (Called 

♦ also Bihexagonal Pyramid, Isosceles Dodecahedron.) 

Faces isosceles triangles, and arranged in two pyramids 
placed base to base (t. 20). Edges of two kinds : twelve 
equal terminal , and six equal basal ; axes, a vertical differ- 
ing in length in different species; and three lateral, equal, 
situated in a plane at right angles to the vertical, and in- 
tersecting oho another at angles of 60°, as in the rhombo- 
hedron. 


E. — Prisms.— Prismatic forms consist of at least two sets 
of planes, the basal planes being unlike the lateral. The bases are always 
equal ; and the lateral planes parallelograms. The vertical axis is unequal 
ft> the lateral, (a) Three-sided prism . A right (or erect) prism, having 
Its bases equal equilateral triangles, (b) Four-sided prisms. Foursided 
prisms are either right (erect), or oblique, the former having the vertical axis 
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at right angles to the base or to the plane of the lateral axes, and the latter 
oblique . 

1 . Square or Tetragonal Prism (f. 21, 22V Base a square; lateral 

E lanes equal. Edges of two kinds : (a) eight basal, equal, each contained 
etween the base and a lateral plane ; (0) four lateral, contained between the 
equal lateral planes. Interfacial angles all 90°, plane angles 90°. Solid 
angles eight, of one kind. Axes : a vertical, differing in length in different 
species, and longer or shorter than the lateral ; two lateral, equal, at right 
angles to one another and to the vertical, and connecting either the centres 
of opposite lateral planes (f. 21) or edges (f. 22). The cube is a square 
prism with the vertical axis equal to the lateral. 


21 23 23 24 



2. Right Rhombic Prism (f. 23). Base a rhomb ; lateral planes equal 
parallelograms. Edges of three kinds : ( a ) eight basal, equal, and rectan- 
gular as in the preceding form ; (6) two lateral, obtuse; and ( c ) two lateral, 
acute. Solid angles of two kinds ; ( a ) obtuse at the extremities of the ob. 
tuse edge, and ( b ) acute at the extremities of the acute edge. Axes rect- 
angular, unequal ; a vertical ; a longer lateral, the macrodiagonal axis 
(named from pd/cpos, large ), and a shorter lateral, the brachydiagonal axis 
(named from /8/>a^i5?, short). 

3. Right Rectangular Prism (f. 24). Base a rectangle, and in conse- 
quence of its unequal sides, two opposite lateral planes of the prism are 
broader than the other two. Edges all rectangular, but of three kinds : 
{a) four longer basal ; (b) four shorter basal ; (c) four lateral. Axes con- 
necting the centres of opposite faces, rectangular, unequal; a vertical, a 
macrodiagonal, and a brachydiagonal, being like those, or the right rhom- 
bic prism. In the rectangular prism, either of the faces may be made the 
basal, and either axis, consequently, the vertical. 

4. Oblique Prisms. Figs. 25 and 26 represent prisms oblique in the 

direction of one axis. As seen in them, the vertical axis c is oblique to the 
lateral axis d, called the dinodiaaonal axis ; but J, the orthodiagonal axis, 
is at right angles to both c and a. Similarly, the axial sections cb, 5^ are 
mutually oblique in their inclinations, while ca, cb and ca, ba are at right 
angles. The clinodiagonal section ca is called the section or plane of sym- 
metry. # 

The form in f. 25 is sometimes called an oblique rhombic prism. The 
edges are of two kinds as to length, but of four kinds as to interracial angles 
over them : (a) four basal obtuse ; (b) four basal acute ; (c) two lateral ob- 
tuse : (d) two lateral acute. The prism is .in position when placed with the 
clinodiagonal section vertical. 

Figs. 27 and 28 show the doubly oblique, or oblique rhomboidal pnsni, 
in which all. the axes, and hence all the axial sections, are oblique to each 
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other. All these eases will receive further attention in the description of 
actual crystalline forms. 


95 26 27 28 



The prisms (in f. 21, 24, 26, 28) in which the planes are parallel to the 
three diametral sections, are sometimes called diametral prisms. This 
term also evidently includes the cube. The planes which form these 
diametral prisms are often called pinacoids. The terminal plane is the 
basal pinacoid, or simply base ; also, in f. 24 the plane (lettered i-l) parallel 
to the macrodiagonal section is called the m.acrojvinaeoid, and the plane (i-l) 
parallel to the brachydi agonal the braehypinaco id. In f. 26 the plane (i-i) 
parallel the to orthodiagonal section is called the orthopinacoid , and the 
plane (i-l) parallel to the clinodiagonal section the dmojpinacoid . The 
word pinacoid is from the Greek n rival;, a board . 

(c). Six-sided Prism. — The Hexagonal prism. 

29 30 Base an equilateral hexagon. Edges of two 

kinds: (a) twelve basal, equal and similar, (b) six 
lateral, equal and similar; interfacial angle 
over the former 90°, over the latter 120°. Solid 
angles, twelve, similar. Axes: a vertical, of 
different length in different species ; three late- 
ral equal, intersecting at angles of 60°, as in the 
rhombohedron, and the dihexagonal pyramid or 
juartzoid, connecting the centres either of the lateral edges (f. 29), or lateral 
:aces (f . 30). 



3. Systems of Crystallization. 

The systems of crystallization are based on the mathematical relations of 
the forms ; the axes are lines assumed in order to exhibit these relations, 
they mark the degree of symmetry which belongs to each group of forms, 
and which is in fact the fundamental distinction between them. The num- 
ber of axes, as has been stated, is either three or four — the number being 
four when there are three lateral axes, as occurs only in hexagonal forms. 

Among the forms with three axes, all possible conditions or the axes exist 
both as to relative lengths and inclinations ; that is, there are (as has been 
exemplified in the forms which have been described), (A) among ortho* 
metno kinds, or those with rectangular axial intersections; (a) the three, 
axes equal ; (b) two equal, and the other longer or shorter than the two ; (c) 
the three unequal ; and (B) among olinornetrio kinds, one or more of the 
intersections may be oblique (in all of these the three axes are unequal). 
The systems are then as follows : 

A. Axes three j orthometric. 

1. Isometric System.— Axes equa\ Examples, cube, regular octahe* 
dron, rhombic dodecahedron 6 
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2. Tetragonal System. — Lateral axes equal ; the vertical a varying axis 
Ex., square prism, square octahedron. 

3. Orthorhombic System.— Axes unequal. Ex., right rhombic prism, 
rectangular prism, rhombic octahedron. 

B. Axes three; clinometric. 

1. Monoclinic System. — Axes unequal ; one of the axial intersection 
oblique, the other two rectangular. Ex., the oblique prisms (f* 25, 26). 

2. Triclinic System. — Axes unequal ; three of the axial intersections ob- 
lique. Ex., oblique rhornboidal prism (f. 27, 28). 

L). Axes four. — Hexagonal System. — Three lateral axes equal, intersect- 
ing at angles of 60°. The vertical axis of variable length. Example, 
hexagonal prisms (f. 29, 30). 


The so-called Diclinic system (two oblique axes) is not known to occur, for the single sub- 
stance, an artificial salt, supposed to crystallize in this system has been shown by von Zepha- 
rovich to be triclinic. Moreover, von Lang, Quenstedt, and others have shown mathemati- 
cally that there can be only six distinct systems. 


The six systems may also be arranged in the following groups: 

1. Isometric (from hro?, equal , and fierpov, measure ), the axes being all 
equal; including: I. Isometric System. 

2. Isodiametric, the lateral axes or diameters being equal; including: 
II. Tetragonal System ; III. Hexagonal System. 

3. Anisometric (from aviaos, unequal , etc.), the axeB being unequal ; in- 
cluding : IY. Orthorhombic System; V. Monoclinic System ; Vi. Tri- 
clinic System. 

A further study of these different systems will show that in group 1 
the crystals are formed or developed alike in all three axial directions; in 
group 2 the development is alike in the several lateral directions, but un- 
like vertically ; ana in group 3 the crystals are formed unlike in all three 
directions. These distinctions are of the highest importance in relation to 
the physical characters of minerals, especially their optical properties, and 
are often referred to beyond. 


The numbers (in Homan numerals) here connected with the names of the system are often 
used in place of the names in the course of this Treatise. 

The systems of crystallisation hare been variously named by different authors, as follows : 

1. Isometric. Teasular of Mohs and Haidinger ; Isometric of Hausmann ; Tmeral of Nau- 
maun ; Regular of Weiss and Hose ; Cubic of Dufrenoy, Miller, DesOloizeaux; Monometric of 
the earlier editions of Dana’s System of Mineralogy. 

2. Tetragonal. Pyramidal of Mohs ; Viergliedriege, or Zwei-und-einaxige, of Weiss : 

Tetragonal of Naumann ; Monodimetric of Hausmann ; Quadratic of von Kobell ; Dimetric of 
early editions of Dana’s System. ... 

8. Hexagonal. RhombohedraX of Mohs ; Sechsgliedrige, or Drei-und-einaaige of Weiss; 
Hexagonal of Naumann ; Monotrimctric of Hausmann. t , , 

4. Orthorhombic. Prismatic, or Orthotype , of Mohs; ffin-und-einaxigs of Weiss; 

Rhombic and Anisometric of Naumann ; Trimetric and Orthorhombic of Hausmann ; Trim*U 
ric of earlier editions of Dana’s System. # . 

5. Monoclinic. Hemiprismatic and Hemiorthotype of Mohs ; Zvoei-und-einghedemge of 
Weiss: Monodinohcdral of Naumann ; CUnorhombic of v. Kobell, Hausmann, Des Cloizcaux; 
Augidc of Haidinger; ObUque of MiUer; Monosymmetric of Groth. 

6. Triclinic. Tetarto-prismatic of Mobs ; Mn-umteingUedenge of Weiss ; TruxMohedi'tu 
of Naumann ; Climrhomhmdal of v. Kobell ; Anorthic of Ha i d in ger and Miller ; Anoruuc, m 
Doubly Oblique , of Des Oloizeaux ; Asymmetric , of Groth. 
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4. Laws with reference to the planes of Crystals. 

The laws with reference to the positions of the planes of crystals are two: 
first, the law of simple mathematical ratio ; secondly, the law of symmetry, 

1. The Law of simple Mathematical Ratio. 

The crystallographic axes afford the means, after the methods oi analyti- 
cal geometry, of expressing with precision the relative positions of the 
planes of crystals, and so exhibiting the mathematical ratios pertaining to 
crystallization. These axes, as has been stated, are supposed to pass through 
the centre of the crystal, and every plane must intersect one, two, or three 
of them. The position of a plane is obviously determined by the position 

of the points in which it meets these axes. 
Thus the plane A 13 C, f. 31, meets the 
three axes at the points A, 13, and C, and 
its position is determined by the dis- 
tances O A, O B, O C, intercepted be- 
tween these points and the centre O. 
Similarly the plane A B D meets the 
axes in the points A, B, and D, and its 
position is determined by the distances 
O A, O B, O D ; and in the same manner 
with any other plane. On the crystals 
of a given species the occurring planes 
have exact numerical relations to each 
other, and it is to show these relations 
that certain lengths of the axes are 
assumed as units. Thus, in the case 
already given if O 0, O B, O A, or more 
briefly 0, 5, a , are the lengths of the 
axes* (strictly speaking semi-axes) for a 
given species, then the position of the 
first plane is expressed by 1 e : 15 : la ; that of the second by 2c : lb : la 
ftf 01)=20C), and still another plane might be 2c : 25 : la, and so on. 
Consequently the general position of any plane may be expressed by 
me : no : ra, f or more simply me : nb : a, as every plane is for simplicity 
^PP? 6 ^ to meet one of the axes at the unit distance. In the first case 
mentioned above, m =1 and n = 1 ; but in general m and n may vary in 
value from zero to infinity. The law of simple mathematical ratio, how- 
ever, requires that m and n, which express the ratios in the lengths of the 
axes, should be invariably rational numbers , and in general they are either 
whole numbers or simple f ractions . 

This principle may be stated as follows : 

The position of the planes in a given crystal is related in some simple 
ratio to the relative lengths of the axes . 

* The vertical axis is throughout called c, see p. 53. 

+ It is more usual, and analytically more correct, to write this expression ra : rib : me 
but as the usual Bymbols take the form m-n, the order of the terms used here and elsewhere 
Is more convenient. 
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This subject will become clear in the subsequent study of die different 
crystalline forms ; in passing, however, reference may be made 
to f. 32 (zircon) as a single example. The planes lettered 1 
and 3 have respectively the positions, 1 e : 1 b : la, and 3c : lb : la, 
and in the second ease the vertical axis has exactly three times 
the length of that of the former ; any such multiples as 2.93 or 
3.07 are erystallographically impossible. It is this principle 
which makes crystallography an exact mathematical science. 

Some apparent exceptions, such as occasionally occur, do not at 
all set aside this rule. 

The expression me : nb : a is called the symbol of a plane, as it expresses 
its exact mathematical position, and the values of m and n are called its 
parameters . If a plane intersects two of the axes, but not the third, it 
is parallel to it, and mathematically it is said to cut it at infinity (<» ) ; 
hence the general expression for a plane parallel to the vertical axis c (as in 
f. 33) will be oo a : nb : a, or ao c : b : na , according as a or b is taken as 
the unit ; for a plane parallel to the lateral axis 0 (as in f. 34), it will be 
me: oob: a ; if parallel to the lateral axis a (as in f. 35), me : b : oo a. 

If a plane is parallel to two axes, b and a, that is, intercepts these axes at 




an infinite distance, its position is expressed by o : oo b : oo a, as is illus- 
trated by f. 36 ; again, its position is expressed by oo o : b : oo a, if parallel 
to o and a ; and by oo Q : oo b : a, if parallel to c , 5. These may also be 


written Oe : b : a, etc. 

The following important principle 
should be kept in mind. The relative 
not the absolute position of any plane 
has to be regarded, and hence ail 
planes parallel to each other are 
erystallographically identical. A 
plane on the angle of the cube is the 
same, if the mutual inclinations re- 
main unchanged, whether large or 
small, for, though the actual distances 
cut off on the axes may differ in each 
case, the ratios of these axes are iden- 
tical. Again, in f. 37, the three planes, 
ie : 45 : 2a, and 2c :2b: a, and e : 
b : $a are identical, for the ratios 
of the three axes are the same 
throughout, the planes being of course 
parallel. Similarly the symbol 1 c: 


87 
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and c : oo b ; qo a is the same as Oo : b I a, It will be seen that this prill* 
ciple makes it right to regard every plane as meeting one of the axes at 
the unit distance from the centre, which, as before stated, reduces the 
general expression of any plane me inb \ra to the simpler form me : nb : a, 
or mo:b:na. 

The principle, which has just been stated, also makes it evident that when 
the axes are all equal, they are not necessarily considered in naming the 
position of any plane ; when the lateral axes alone are equal, a certain 
length of the vertical axis must be assumed for each species ; and when all 
the axes are unequal, certain lengths for two of the axes, expressed in 
terms of the third axis, must in every case be adopted. 

Hence the fundamental form or any species may be regarded as that 
octahedron wliose axes correspond in relative lengths with the axes c, b 9 a 
adopted for the species. The faces of this octahedron intersect the axes at 
distances from the centre equal to no , nb, na (or c : b : a) respectively, and, 
since the ratio of the coefficients which expresses the position of these 
planes is 1 : 1 : 1, this form is also called the unit octahedron. But the 
lorn iB not necessarily fundamental ; for it is frequently more or less arbi* 
ttarily assumed, and the structure or genesis of the crystals of a species may 
point to other forms, having very different axial relations, as will appear 
from facts stated beyond. 

Models.— For clear illustration of the axes and axial ratios of planes it is well to have 
models of the axes made of rods of wood mortised and glued together at the crossing at centre. 
The rods may be half an inch in diameter and 10 or 12 inches long ; for the Isometric system, 
three equal rods, say 12 inches long ; for the Tetragonal system, two of 12 inches for the 
lateral axes and one of 8 or 14 inches for the vertical ; for the Orthorhombic, one of 16 inches 
for axis one of 10 inches for axis c, and one of 14 inches for axis a. (Either axis may be 
made the vertioalby way of change.) 

For the Clinometric systems, make a second model like that for the Orthorhombic system, 
but with the rods but loosely mortised and tied together, so as to admit of a little movement 
at centre. Then, the model when in its more natural position will be that of the orthorhom- 
bic system, the intersections being all rectangular. But by pushing the front md a down in 
the plane of 00 , making it thus oblique to 0 while at right angles to &, the model will repre- 
sent the mOnoelinic axes ; if all the intersections of the rods are oblique, the model will 
represent the axes of the Triclinic system. 

Now by taking a large piece of thick pasteboard, and placing it in different positions with 
reference to the three axes, the relations to ihe various planes may be readily illustrated. 

Models of the various forms of crystals are also of the highest importance ; and the best 
for general illustration are those made of plate gloss, some of them having the positions of 
the axes within indicated by threads, and others consisting of one form inside of another to 
show their mutual relations. Such glass models (first made by Professor Dana, in 1835, 
and reoommended in the first edition of his Mineralogy) are now manufactured of great per- 
fection at Siegen, in Germany. 

Pasteboard models, likewise useful aids to the study of crystallography, are easily made 
from the outlines of the faces of the various forms, which have been prepared by various 
authors. 

Models out in hard wood representing the actual forms of the various mineral species are 
very valuable, when accurately made. They not only show the relations of different planes, 
but may also be advantageously used to give the student practice in the mathematical cal- 
culations of the axes and parameters, the angles being measured by him os on an actual 
crygtaL Such models have the advantage of being of convenient size, and symraeHically 
formed^ which are conditions not often realized in the crystals furnished by nature. 


2. Law of Symmetry. 

The symmetry of crystals is based upon the law that either : 



CRYSTALLOGRAPHY. 


13 


f. All parts of a crystal similar in position with reference to the a&cs 
are similar in planes or modification, or 

IL Each half of the. similar parts of a crystal , alternate or symmetri- 
cal in position or relation to the other half, may be alone similar in its 
planes or modifications . 

The forms resulting according to the first method are termed holohe- 
dral forms, from o\o?, all , eS pa, face ; and those according to the second 
hemihedval, from fjfiu tvs, half ~ J 

According to the law of full or holohedral symmetry, each 6ectant. in one 
of the rectangular systems (a) should have the same planes botli as to num- 
ber and kind ; and (b) whatever the kinds, in each sectant there should be 
as many of each kind as are geometrically possible. But in hemihedrism , 
either (a) planes of a kind occur only in half of the sectants ; or else (bj 
half the full number occur in all the sectants. 

In the isometric system, for example, if one solid angle of a cube has 
upon it a plane equally inclined to the diametral sections, so will each of the 
other angles (or sectauts) (f. 39-42). 

If one of the twelve edges of the cube has a plane equally inclined to the 
enclosing cubic faces (or diametral planes) the others will have the same 
(f. 43-46). 

Again, one of the solid angles of a cube being replaced by six planes, as 
in f. 70, this law requires that the same six planes should appear on all the 
other solid angles. 

But under the law of hemihedrism these planes may occur on half the 
solid angles of the cube, and not on the other half, as in f. 87, or half the 
full number of planes may occur on all the angles, as in f. 101. This subject 
is further elucidated in the discussion of the hemihedral forms belonging 
to each system of crystallization. 

Hemihedrism is of various kinds : 

1. Holomorphic, in which the occuring planes pertain equally to both 
the upper and lower (or opposite) ranges of sectants, as in all ordinary hemi- 
hedral forms. 

2. Hcmirrwrphic, in which the planes pertain to either the upper or the 
lower range, and not to both, and hence the planes are only half enough of 
the kind to enclose a space, whence the term hemimorphic, from rjfiHrvs, 
half, and fi6p(jyq,form. 

The holomorphic forms may be either : 

A. Hemiholohedral, half the sectants having the full number of planes, 

or - 

B. Hobhemihedral, all the sectants having half the whole number of 
planes. 

Again, as to the relative positions of the sectants containing the planes, 
the forms may be : 

' a. Vertically direct , in which the sectants of the upper and of the lower 
ranges are alternate, but the upper not alternate with reference to the lower, 
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and, accordingly, each plane above is in the same vertical zone with a like 
plane below ; as in forms described on pp. 34, 35. 

b. VertifxMy-aZternate^ in which the seetants of the upper and lower 
ranges are alternate , and also the upper are alternate with reference to the 
lower, and, accordingly, each plane above is not in the same vertical zone 
with alike plane below; as in the tetrahedron (f. 9), rhombohedron (f. 16), 
and gyroidal forms (f. 182). 

c. VerticaUy-oblique, , in which the seetants of the upper and lower ranges 
are adjacent , but the upper are situated diagonally with reference to the 
lower, being on the opposite side of a transverse diametral or diagonal 
plane ; as in hemihedrons of monoclinic habit under the orthorhombic 
system (p. 45). 

Tetartohedrism. — Mathematically the rhombohedron is a hemihedron un- 
der the hexagonal system, consequently the forms that are hemihedral to the 
rhombohedron are tetartohedrons , or quarter-forms . See p. 39. 

Tetartohedral forms, or those with one-fourth of the normal number of 

n ies, have also been observed in the Isometric system. The term mero- 
rism, from fiipos, part , and SBpa, face , has been used in place of hemi- 
hedrism, to include bom this and tetartoliedrism. 


I. — ISOMETRIC SYSTEM. 

A. ffolohedral Forms . 

In the Isometric system the axes are equal, so that either one may be the 
vertical axis, and each may be called a . It has already been shown that the 
general expression for any plane meeting the axes 6‘, b,a is me : nb : a\ and 
m this system it will be ma : na : a, or, since the axes are equal, simply 
fulfill. Now it has been shown also that according as a plane intersects 
the several axes at different points, or is parallel to one or more of them* 
this fact is indicated by the values given for m and n in each case (p. 11). 
Hence expressions for all the forms geometrically possible in this system 
jwiUJbe obtained if to m and n, in the general expression ma : na : a, succes- 
%o ;yalnes are given. These values mav be in this system, 0, 1, a number 
greater than 1, or oo . In this way are derived 

tm m n : 1 [m-n] when m and n have both different values greater 

than unity. 

m : 1 [m-m] when m > 1, n = m. 

3. m 1:1 [m] when m > 1 , n = 1 . 

4* 1 1:1 [1] when in and nal. 

6. od n : 1 [t-n] when m = oo , n >1. 

6. oo 1:1 [T] when m = oo , n = 1. 

7. co co : 1 [/* ] when m and n = oo . 


lettering the planes of the several forms only the essential part of the symbol is used: the 
Is IST hexahedron) ; the octahedron 1(=1 : 1 : 1) ; the dodecahedron % (oo : 1 : 1), (i 
•tafias for infinity) ; m is used forth© planes m : 1 : 1 ; m-m for m : m : 1; f-n for <* : n It • 
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m-» for m : n : 1. These symbol* we the seme as those of Neumann, except that he wrote 
oo instead of * for infinity, and introduced also the letter 0 (octahedron) as the sign ofths 
syrtem : oo 0 oo of his system =2f; 0=1 ; co 0=i ; m 0=m ; m 0 m-rn-m, oo On=in 
and m u n—m-n. 1 • 


Each of these expressions, appearing at first sight possibly a little 
obscure, may be translated into simple language. 

Cube— The cube with the symbol oo : oo : 1, is composed of planes each 
one of which is^ parallel to two of the axes, and meets the third at its unit 
point (see f. 3b). It is evident that there are six such planes, one at each 
extremity of the three axes, and the figure or crystal which is enclosed by 
these six planes lias already been described (p. 5) as the cube (f. 38). 

Octahedron. — The symbol 1:1:1 comprises all those planes which meet 
the three axes at the same distance, that is, cut off the unit length of each. 
It is evident that there must be eight such planes, one in each octant, and 
they together form the regular octahedron (f. 42), which has already been 
described, p. 4. 

Dodecahedron. — The symbol oo : 1 : 1 includes those planes which inter- 
cept two of the axes at the same unit distance, and are parallel to the 
third. There can be twelve planes answering to these conditions, and they 
form together the dodecahedron (f. 45, see also p. 6). 

These three forms, the cube, octahedron, and dodecahedron, are those 
most commonly occurring in this system* and it is important that their rela- 
tion should be thoroughly understood. The transitions between these forms, 
as they modify one another, are exhibited in the following figures : 



43 


44 45 








46 47 



Figs. 38 and 42 represent the cube and octahedron, and 39, 40, 41, the 
intermediate forms. Slicing off from the eight angles of a cube piece after 
piece, such that the planes made are equally inclined to if, or the cubic face*, 
the cube is finally converted into the regular octahedron ; and the last 
disappearing point of each face of the cube is the apex of each solid angle 
of the octahedron. The axes of the former, therefore, of necessity connect 
the apices of the solid angles of the latter. 

The form in f. 40 is called a cubo-octahedron. IT A 1=125° 15' 52". 

If the twelve edges of the cube are truncated (for all will be truncated if 
<tte la) it affords the form in f. 43 ; then that or f . 44 ; then the dodecahev 
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dron, f. 45 ; the axes of the cube becoming, in the transition, the axes oom 
necting the tetrahedral solid angles of the dodecahedron ; H A i = 135°. If 
the twelve edges of the octahedron (f. 42) are truncated, the form in f. 47 
results ; and by continuing the replacement, finally the dodecahedron again 
is formed (f. 45). 1 A i == 144° 44' 8". The last point of the face of the 
octahedron, as it disappears, is the apex of the trihedral solid angle of the 
dodecahedron. 

These forms are thus mutually derivable. The process may be reversed, 
the cube being derivable from the dodecahedron by the truncation of the 
tetrahedral solid angles of the latter (compare in succession f. 45, 44, 43, 
38) ; and the octahedron by the truncation of the trihedral solid angles 
(compare f. 45, 47, 42). These remarks are important as showing the rela- 
tions between these forms, though it is of course not intended to be under- 
stood that they are in any sense derived from each other in this manner in 
nature. 

The three axes (or cubic axes) connect the centres of opposite faces in the 
cube ; the apices of opposite solid angles in the octahedron ; the apices 
of opposite tetrahedral solid angles in the dodecahedron. 

# The eight trigonal or octahedral interaxes connect the centres of opposite 
faces in the octahedron • the apices of opposite solid angles in the cube • 
the apices of opposite trihedral solid angles in the dodecahedron. 

The twelve rhombic or dodecahedral interaxes connect the centres of op- 
posite faces in the dodecahedron ; the centres of opposite edges both in the 
cube and the octahedron. 

In a vertical section, containing each of these kinds of axes, the octahe 
dral mteraxis intersects one of the three cubic axes at the angles 54° 44' 8 
and 125° 15' 52", and one of the * * 

dodecahedral interaxes, at the an- 48 

gles 35° 15' 52" and 144° 44' 8". 

There remain four other liolohe- 
dral font i s belonging to the system 
as contained in the list on page 14. 

Trisoctahedrons. — The sy m bo] 
m : 1 : 1 is of that solid each of 
whose planes meets two of the axes 
at the unit distance, and the third 
axis at some distance which is a 
multiple of this unit length. It will 
be evident, as in f. 48, that there 
three such planes in each of the 
dgfot seetants, and hence the total 
number of planes by which the solid 
is bounded is twenty-four. The 
resulting solid is called a trigonal 
tfi$octahedron } and one, having 
m=f, is shown in f. 49. 






Both these forms are called trisoctahedrons, from rpk, three times 9 and 
octahedron, because in each a three-sided pyramid occupies 
the position of the planes of the regular octahedron. They 
are closely related to each other ; starting with the form 
m : 1 : 1, if in is diminished till it equals unity, then the 
symbol becomes 1:1:1, that is, it has passed into the octa- 
hedron. If m becomes less than unity, the symbol may be, 
for example, : 1 : 1, which is identical, as has been ex- 
plained (p. 11) with 1:2:2 (2-2), and this is the symbol of. 
the second trisoctahedron. This explains why, in the first list comprising 
» all the possible forms, m was in no case made less than unity. 

Trigonal-trisoctahedron. — In this form the solid angles are of two 
kinds : the trigonal or octahedral, and the octagonal or cubic. The edges are 
thirty-six in number, twenty-four of one kind, forming the octahedral or 
trihedral solid angles, and twelve edges meeting at the extremities of the 
cubic axes. Each of the twenty-four planes is an isosceles triangle. 




In combination with the cube, the form 2 appears as a replacement of 
each of the solid angles by three planes equally inclined on the edges / this 
is seen in f. 52. With the octahedron, it appears as a bevelment of fts 
twelve edges, as shown in f. 53. It also replaces the eight trigonal solid 
angles of a dodecahedron by three planes inclining on the faces. The more 
commonly occurring examples of this form are 2 (=2 : 1 : 1 ), also f (=1 
: 1 : 1), and 3 (3 : 1 : 1). , 

The Tetragoncd-trisoelahedron or trapezohedron, has three kinds of solid 
angles : six cubic, whose truncations are cubic faces (f. 56) ; eight octahe- 
dral, whose truncations are octahedral faces (f. 56) ; twelve dodecahedral, 
truncated by the dodecahedral planes (f. 60). It has forty-eight edges; 
twenty-four of one kind, those of the trihedral or octahedral solid angles, 
and the remaining twenty-four, also of one kind, meeting in the cubic solid 

T " 58 . Each of the twenty-four faces is a quadrilateral. 

combination with the cube it is seen in f. 55, 56, appearing as a re 
placement of each of the solid angles by three planes equally inclined on 
2 
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the faces of the cube. Figs. 56, 57, 58, 59, 60, 62, also show it in com 
bination with the octahedron and dodecahedron. The most commonly 
occurring of this series is 2*2 (=2 : 2 : 1), f. 54 ; as seen in f. 59, it truncates 
the twenty -four edges of the dodecahedron. On the other hand the form 

54 55 56 57 58 









H would replace the trihedral solid angles by planes inclined on the edges/ 
while 3-3 replaces (f. 62), the tetrahedral solid angles of the dodecahedron, 
by planes also inclined on the edges. 

Tetrahexahedron . — The symbol oo : n : 1 (i-n) belongs to all the planes 
which are parallel to one axis, meet a second at the unit distance, and the 
third at some multiple of that. There are twenty-four planes which satisfy 
these conditions, and they form the tetrahexahedron • f. 64, 65, represent two 
varieties of tetrahexahedrons. It will be seen that the planes are so 
arranged that a square pyramid corresponds to each of the six faces of the 
cube ; and hence the name from Terpaici ?, four times, e%, six, and eSpa , 
face, it being a 4 x 6-faced solid. The tetrahexahedron has six tetrahe- 
dral solid angles and eight hexahedral or octahedral solid angles. There are 
twenty-four edges of one kind forming the former solid angles, and twelve 
edges occupying the position of the cubic edges. Each of the twenty-four 
faces is an isosceles triangle. In combination with the cube it produces a 
bevelment of its twelve edges, as represented in f. 64. 



The tetrahexahedron, in f. 65, lettered i- 2 , has the symbol oo : 2 : 1 ; and 
that of f. 66, lettered i-3, oo : 8 : 1. Some of the other occurring kinds are 
those with the ratios, 2 : 3, 3 : 4, 4 : 5, etc., etc. 

The relation of the tetrahexahedron to the octahedron is shown in f. 67 
By comparing this figure with f. 42, it is seen that the planes i-2 replace 
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the solid angles of the octahedron by planes inclined on its edges. Its rela* 
tion to the dodecahedron is presented in f. 68, which is a dodecahedron 
(planes i being the dodecahedral planes, see f. 45) with the tetrahedral solid 
angles replaced by four planes inclined each on an i . 

The tetrahexahedron is called a jlMroid, by Iiaidinger, the form being 
common in fluorite. It is the Tetrdkishexahedron (or Pyramidenwurfol) 
of Naumann. 

In accordance with considerations already presented it is evident that n, 
in the symbol i-n, may always be written as a whole number, for the symbol 
°°: i : 1 is identical with <x> : 1 : 2. Moreover it is seen that when n is oo , 
the form passes into the cube (oo : oo : 1), and as n diminishes and becomes 
unity, it passes into the dodecahedron (oo : 1 : 1). 

liexoctahedron. — The general form rn : n includes the largest number 
of similar planes geometrically possible in this system. This symbol 
requires six planes in each octant, as will be seen by a method of con- 
struction similar to that in f. 48, and consequently the whole solid has 
forty-eight planes. It is hence called a hexakisoctahedron (e£<mv, six 
times , o/ctco, eighty and eSpa, face, i.e., a 6 x 8-faced solid) or liexoctahedron. 
The form is shown in f. 69, where it will be seen that there are three differ- 
ent kinds of edges, and three kinds of solid angles; each of the forty- 
• eight planes is a scalene triangle. 

When modifying the cube it appears as six planes replacing each of the 
solid angles, f. 70. It replaces the eight angles of the octahedron, and the 
09 70 71 



form 3-f bevels the twenty-four edges of the dodecahedron (f. 71). Other 
hexoctahedrons, differingin their angles, may replace the six acute solid an- 
gles of the dodecahedron by eight planes, or the eight obtuse by planes. 

The liexoctahedron of f. 69, 70, 71 is that whose planes have the axial 
ratio 3 : $ : 1. Others have the ratio 4 : 2 : 1, 2 : £ : 1 (=6 : 4 : 3), 5 : \ : 1 
1=15 : 5 : 3), 7 : $ : 1 (=21 : 7 : 3), etc. 

72 72 
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' preceding .fign res show dodecahedrons variously modified. In 

7$, ijor i, are faces of the dodecahedron ; i/of the cube ; 1 of the octa- 
hedron; i* 3 of a tetrahexahedron (f. 66) ; 2-2 of the trapezohedron of f. 54 
59 ; 3-| of the hexoctahedron of f. 69, 70. In f. 73, i, 0, and 1 are as in 
f. 72 ; 3-3 is the trapezohedron of f. 61, 62 ; and 5-f (either side of 3-3) a 
hexoctahedron. 

The hexoctahedron is called the adamantoid by Haidinger, in allusion 
to its being a common form of crystals of diamond. It is me hemkisocta • 
hed ron of hi anraann. 


B. Hemihedral Forms • 


Of the. kinds of hemihedral forms mentioned on page 13, the hemiho - 
lohedral , in which only half of the sectants are represented in the form, 
produces what are called inclined hemihedrons ; and the holohemihedral, in 
which all the sectants are represented by half the full number of planes, 
parallel hemihedrons . In the former the sectants to which tlio occurring 
planes belong are diagonally opposite to those without the same planes ; and 
hence no plane has another opposite and parallel to it; on the contrary, 
opposite planes are oblique to one another, and lienee the name of inclined 
hemihedrons applied to them. They are also called tetrahedral forms, the, 
tetrahedron being the simplest form of the number, and its habit character- 
istic of them all ; while the latter are called vyritohedral , because observed 
in the species pyrite. . The complete symbols of the inclined hemihedrons 
are written in the general form £(m : n : 1 ), of the parallel hemihedrons 
i/i the form £ [m : n : 1] ; also written a c(m :n:l) and Trim ; n ; 1) re- 
spectively. y 

a. Inclined or Tetrahedral TIemihedrons . 1. Tetrahedron or FTemi- 
octahedron.—£( 1:1:1). J 

As has been shown, the form 1(1 : 1 : 1) embraces eight planes, and when 
holohed rally developed it produces the octahedron ; in accordance how- 
ever, with the law of hemihedrism, half of the eight possible plane’s- may 


74 


77 




75 



occur in alternate octants; thus in two opposite sectants above, and the 
two diagonally opposite below, as shown by the shaded planes in f. 74. If 
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these four Guided planed are suppressed* while the other four of the octa* 
hedron are extended, the resulting form is the regular tetrahedron, f. 7®* 
The relation of the octahedron and tetrahedron may be better understood 
fromf. 75. If, as just remarked, the planes shaded in f. 74 are suppressed* 
while the others are extended, it will be seen in f. 75 that the two latter 
pairs intersect in edges parallel respectively to the basal edges of the 
octahedron, and the complete tetrahedron is the result. The axes, it is im- 
portant to observe, connect the middle points of the opposite edges. 

Further than this, since either set of tour planes may go to form the solid, 
two tetrahedrons are evidently possible, and they may be distinguished 
by calling the first, f. 76, positive, and the second negative, f. 76a. 
These terms are of course only relative. The pins and the minus tetrahe- 
drons may occur in combination, as in f. 79 ; and though there are here pre- 
sent the eight planes which in liololicdral forms make the octahedron, and 
though they should happen to be equally developed so as to give the same 
shape, the crystal would still be pronounced tetrahedral, since the plane* 
1 and —1 are physically different. An example of this occurs in crystals 
of boracite, where the planes of one tetrahedron are polished while those of 
the other are without lustre. 

The plane angles of the tetrahedron are 60°, and the interfacial angles 
•7°° 31' 44". 

The combinations of the cube and tetrahedron are shown in f. 77 and 78, 
and the dodecahedron and tetrahedron in f. 80. As the octahedron results 



Hemi-trisoctahedrom , \{m : m : l)and £(m : 1 : 1). In the same manner 
as with the tetrahedron, the form m-m , when hemihedral, may have half it6 
twenty-four planes present, viz., those in the two opposite 6ectants above 
and the alternate sectants below. When these twelve planes are extended, 
the others being suppressed, they form the solid represented in f. 81 ; the 
symbol properly being £( m-m), or here £(2-2). The faces, as will be ob 
served, are trigonal, and the solid is sometimes called a cuproid . There is 
the same distinction to be made here between the plus and the minus forms 
as with the tetrahedrons. Figs. 82, 83, 84 show combinations of •+■ 
with the plus tetrahedron, the dodecahedron, and the tetrahexahedron. 

Bimilarlv the form m, when hemihedral, according to the same principle 
results in the solid, f. 85. It is called the deltohedron by Haidinger ; it has 
trapezoidal faces. In f. 86, 4-£(f) is shown in combination with -|-£(2-2). 
Here also the distinction between the plus and mums forms is to be made in 
the same manner as that already explained. 
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number of sectants, produces the solid seen in f. 87. There is here also a 
plu s solid, and a minus solid, corresponding to the -f and — tetrahedron, 
in f. 88 it is in combination with the plus tetrahedron. 

If the same method of inclined hemihedrism be applied to the remain* 
ing solids of this system, the cube, dodecahedron, and tetrahexahedron, that 
1$, if in each case the parts in two opposite sectants above, and the two diag- 
onally opposite sectants below, be conceived to be extended, the other half 
being suppressed, it will be seen that the solid reproduces itself ; the hemi- 
hedral form of the cube is the cube, and so of the others. 

The following figures represent some other combinations of these forms. 



In f. 89, the cuproid 3-3 is combined with the faces / of a dodecahedron. 
The form 3*3 resembles closely that of f. 81, but in its combination with 
the dodecahedron it does not truncate an edge of the dodecahedron, like 2-2 
inf. 83. Fig. 89a contains the same planes combined with the plus tetra- 
hedron, hexagonal planes 1, the minus tetrahedron, triangular planes 1, and 
the faces of the cube II. The presence of the plane ^facilitates the com- 
parison of the form with f. 55, 56, 57, p. 18, the plane 3-3 having the same 
position essentially with 2-2. Fig. 90 has as its most prominent planes those 
of f. 81 , but the position given it is relatively to f. 81 that of the minus 
hemihedron ; and there are also the small pianes 2-2 about the angles, 
which are those of the minus hemihedron. If, are planes of the cube; 
X, those of the tetrahedron; i, those of the dodecahedron ; i - 3 those of a 
tetrahexahedron ( H , i, i-3 all holohedral) ; and f the planes of a deltohe 
dron similar to f. 85, and occurring with 2-2 in £ 86. 
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b. Parallel or pyritohedral hemihedrons . — According to the second lav® 
of hemihedrism, half the whole number of planes of any form may be pre 
sent in all the sectants. In the resulting solids each plane has another par- 
allel to it. This method of hemihedrism obviously produces distinct forms 
only in those cases where there is an even number of planes in each octant. 

Pentagonal Dodecahedron, or llemi tetraf hexahedron, 4(oo : n : 1). If 
of the twenty-four planes of the form i~n( qc : n : 1), only half are present ; 
viz., one of each pair in the manner indicated by shading in f. 91, these 
being extended while the others are suppressed, the solids in f. 92 and f. 93 
result. The parallelism of each pair of opposite planes will be seen in these 
figures. These two possible forms, seen in the figures, are distinguished by* 
calling one plies (arbitrarily), -f i[£-2], and the other minus,— £[i-2]. These 
solids are very common in the species pyrite, and are hence called pyritohe- 
drons ; they are also called pentagonal dodecahedrons, in allusion to their 
pentagonal faces. The regular dodecahedron of geometry belongs to this 
class, but is an im}>ossible Form in nature, since for it n must have an irra- 
tional value, viz., see p. 10. 

In combination with the cube the form +i[i-2 ] is seen in f. 94 and f. 95, 
and in f. 96, 97, witli the octahedron, and in f. 98, with the cube and octa- 
hedron. 



Parallel hemi-hexoctahedron, i[m : n : 1]. When of the forty-eight 
planes of the form m-n, only half are present, viz., the three alternate 



rianes in each octant as indicated by the shading in f. 99, the solid in 
. 100 results. This solid is called a diploid by Haidinger. It is also called 
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a dyakis-dodecahedi-on. In f. 101 it is shown in combination with the cube 

and in f. 102 with the octahedron. . . 

Figs. 103, 104, 105, of the species pyrite, represent various combina- 
tions of parallel hemihedrons with the cubic and other faces. In 1. 10 J 
there are planes of twoherni-tetraliexahedrons (pentagonal dodecahedrons) 
i. 2, i-l ; and of two diploids 4-2, 3-f, along with planes of the octahedron, 
1, and of the trapezohed i on 2-2. In f. 104 the dominant form is the dode- 
cahedron, 7; it has the faces of the cube, 77; of the octahedron, 1 ; of tha 

103 104 105 
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trapezohed ron, 2-2 ; and of the parallel hemihedrons, i-2 and 4-2. Fig. 
105 represents a map of one angle of a cube, showing at centre the octahe- 
dral face 1, and around it the faces of the cube 11, of the trapezohed ron 

2- 2, the trigonal trisoctahedron 2, and the parallel hemihedrons, i-2, 2-£, 

3- f. The axial ratio for 2-f is 2 : $ : 1 (or 6:4:2), and for 3-^, 3 : | : 1 
(or 6:3:2). 

Prominent distinctive characters . — The student, in order to facilitate Ilia 
study of Isometric forms in nature, should be thoroughly familiar with the 
following points, from the study of models or natural crystals; (1) The 
isometric character of the symmetry, the planes being alike in grouping in 
the direction of the three axes. (2) The forms of the faces and solid an- 
gles of the octahedron, the dodecahedron, the trapezohedron 2-2, the pen- 
tagonal dodecahedron i- 2. (3) The fact that the following are common an- 
gles in the system — 135° (=IlAf); 109° 28' (angle of octahedron), 70° 32' 
(angle in octahedron and tetrahedron) ; 120° (angle of dodecahedron); 125° 
18' (==Ha1) ; 144° 44' (=Ha2-2=: 1a i ) ; 153° 26 / (=Has-2) ; 161° 34' (=H 
As- 8). A list of the angles belonging to the various forms of this system is 
given on p. 67. (4) Cleavage may be cubic, octahedral, or dodecahedral ; 
and sometimes two of these kinds, and occasionally the three, occur in the 
same species, but always with great difference of facility between them. 
Galenite is an example of easy cubic cleavage ; fluorite of easy octahedral ; 
sphalerite (blende) of easy dodecahedral. 

Plants of symmetry . — The beven kinds of solids described on pp. 15 to 19, 
include alt the holohedral forms possible in this system, as is evident from 
their geometrical development. In them exists the highest degree of sym 
metry possible in any geometrical solids. 

In* the cube, as has already been stated, all planes, solid angles, and edges 
are equal and similar. The three diametral planes, passing each through 
two of the axes, are the chief planes of symmetry, every part of the crystal 


tetragonal system. 


on one side of the plane having its equal and symmetrical part on the oppo* 
site side. Further than this, each of the six planes passing through th$ 
diagonal edges of the cube, and consequently parallel to the dodecstlwdf&l 
planes, are also planes of symmetry. There are hence in this system 
planes of sj mmetry. 


II. — TETRAGONAL S YSTEM. 

In the Tetragonal System, there are three rectangular axes ; but while 
the two lateral axes are equal, the remaining vertical axis is either longer or 
shorter than they are ; there are consequently to be considered the lateral 
axes (a) and the vertical axis (e). 

The general geometrical expression for the planes of crystals becomes for 
this system me : net : a , and, if this be developed in the same way as the cor- 
responding expression in the Isometric system, all the forms* geometrically 
possible are derived. 


1. 

me : na : a 

[m-'/i] 

when m> 1, n> 1. 

2. • 

j c : a : a 

[1] 

when m — 1, n—1. 

[me : a: a 

L"ij 

[i-*l 

when 1, n= 1. 

3. j 

j c : oo a : a 

when m= 1, n — <*> . 

j me : oo a : a 


when m-? 1, n= oo . 

4. 

oo c : na : a 

O'-'d 

when m — oo , n >1. 

5. 

oo c* : a : a 

[/] 

when m=uo , n— 1. 

6. 

cc e : co a : a 

u-?l 

when m — oo , 7i~oo 

7 - 1 

\ (c : vj a : <*>a) [0\ 
or Oo : a : a. 

when 9ft =0, n — 1. 


In lettering the planes the abridged symbols are used; here, as before, i— oo , and the unit 
term is omitted as unnecessary, me : oo a: a-in-i , etc. These are the same as the symbols 
of Naumann, except that he wrote go , and added P as the sign of the systems which are not 
isometric; OP— 0 ; ooPoo=i-i; oo P=/ ; oo Pn-i-n \ mP& —m-i ; mV—m ; P-1 ; and 
mPn=m-n. 


A. Hololiedral Forms . 

Basal plane . — There are two similar planes corresponding to the svm- 
bol c : oo a : oo# (or Oo : a ; a\ parallel to both the lateral axes; eacli is 
called the basal plane. They do not inclose a space, and consequently they 
can occur onlv in combination with other planes. 

Prisms . — The planes having the symbol oo c : oo a : a are parallel to the 
vertical and one of the lateral axes. There are four such planes, one at 
each extremity of the two lateral axes, and, in combination with the plane 
O , they form the square prism, which has been called the diametral prism, 
seen in f. 106. 

For the symbol oo c: a : a, the planes are parallel to the vertical axis, 


* The word form has been freely used in the preceding pages ; from this point on, how- 
ever, it needs to be more exactly defined. In a crystallographic sense it includes aU the 
planes geometrically possible, never leas than two, which have the same general symbol. 
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and meet the others at equal distances. There are, as in the preceding 
case, four such planes. They form, in combination with the plane O , 
that square prism which is seen in f. 107, and may be called the unit 
prism. Both the prisms i-i and I are alike in their degree of symmetry. 
Each has four similar vertical edgefe, and eight similar basal edges unlike 
ihe vertical. There are also in each case eight similar solid angles. 
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The formi- 7 i (oo c : na: a) is another prism, but in this each plane meets 
one of the lateral axes at the unit distance, and the other at some multiple 
of its unit distance. As is evident in the accompanying horizontal section 
(f. 113), this general symbol requires eight similar planes, two in each 
quadrant, and the complete form is shown in f. 109. The sixteen basal 
edges are all similar; the vertical edges are of two kinds, four axial AT, and 
four diagonal Y (f. 109). The regular octagonal prism with eight similar 
Nertical edges, each angle being 135°, is crystallographically impossible. 



The planes 1 truncate the edges of the diametral prism ?-?, as in f. 108. 
Similarly the planes i-i truncate the vertical edges of L The prism i-n be- 
vels the edges of i-i, as in f. 110, where i-n=i- 2. 

The relation of the two square prisms, i-i and /, may be further illus- 
trated by the figs. Ill and 112. In f. 112 the sections of the two prisms 
are shown with the dotted lines for the axes, and in f. Ill there are the 
two forms complete, the one (/) within the other {i-i). The unit prism / is 
sometimes called the prism of the first series , and the prism i-i that of the 
second series . 

Octahedrons or Pyramids . — The forms m-i and m both give rise to 
square octahedrons, corresponding to the two kinds of square prisms. In 
m-i the planes are parallel to one lateral axis and meet the vertical axis 
at variable distances, multiples (denoted by m) of the unit length. The 
total number of such planes, for a given value of m, is obviously eight, and 
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the form is shown in f. 114 and 115. These planes replace the basal 
edges of the form shown in f. 106, and m varies in value from 0 to oo. 
When 7n=0 the four planes above and below coincide with the two basal 


114 115 116 117 



planes; as m increases, there arises a series, or zone, of planes, with mu 
tually parallel intersections (f. 116) ; and when m= oo , the octahedral planes 
m-i coincide with the planes i-i The value of m in a particular species 
depends upon the unit value assumed for the vertical axis c . 

The same form replaces the vertical angles of the prism 1 , as in f. 117. 


118 119 120 121 



The octahedrons of the rn series meet both of the lateral axes at equal 
distances and the vertical axis at variable distances. It is clear that the 
whole number of planes for this form, when the value of 7 /a is given, is also 
eight, one in each octant. When ?n = 1 the solid in f. 118 is obtained, 
which is sometimes called the unit octahedron. As m decreases, the octahe- 
drons become more and more obtuse, till m=0, when the eight planes coin- 
cide with the two basal planes. As m increases from unity, on the other 
hand, the octahedrons or pyramids become more and more acute, and when 
m=o o they coincide with the prism I ; this series forms another zone of 
planes. These octahedrons replace the basal edges in the form f. 107, as 
seen in f. 119, and as the octahedron is more and more developed it passes 
to f. 120, and finally to f. 118. 


122 123 124 



The same form replaces the solid angles of the form f. 106 ; as seen id 
f. 121, and this too gradually passes into f. 122 and f. 114. 
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The relation of the octahedrons 1 and 1 4 (m and m4) is the same as that 
of the prisms I and i-i (compare f. 112). Similarly, too, they are often 
called octahedrons (or pyramids) of the first (m) and second (m-i) series. 

As will be seen inf. 123, 14 truncates the pyramidal edges of the octahe- 
dron 1, and, conversely, the edges of the octahedron 24 are truncated by 
tho octahedron 1 (f. 124). 

Octagonal pyramids. — The form m-n (me : 
na : a) in this system has, as in the preceding sys- 
tem, tne highest number of similar planes which 
are geometrically possible ; in this case the num- 
ber is obviously sixteen, two in each of the eight 
sectants, as in f. 125, where m= 1 , n= 2 . These 
sixteen similar planes together form the octagonal 
pyramid (strictly double pyramid) or zirconoid, 

X. 126. It has two kinds of terminal edges, the 
axial X and the diagonal Y ; the basal edges are 
all similar. It is seen (m-n= 1-2) in f. 127 in 
combination with the diametral prism, and in f. 128 with 1, where it bevels 
the vertical edges. 




Other tetragonal forms are illustrated in 
figures 2 to 8, of zircon crystals, on p. 2; 
f. 8 is the most complex, and besides 3-3 
shows also the related zirconoids 4-4 and 5-5. 

Several series of forms occur in f. 129, of 
vesuvianite. In the unit series of planes 
there are the octahedrons (or pyramids) 1, 2, 
3, and the prism /; in the diametral series 
1-i, %4 ; of octagonal prisms, i- 2, i-3 ; of zir- 
conoids 2-2, 3-3, 5-5, 4-2, }-3, the whole num- 
ber of planes being 154. 



B. Ilemihedral Forms. 

Among hemihedral forms there are two divisions, as in the isometric 
system : 

1. Uemiholohedral , having the full number of planes in half the sectants 
(a) Vertically-altei'nate, or sphenoidal forms. — The planes occur in two 
sectants situated in a diagonal line at one extremity, and two in the traufr 
venae diagonal at the other. 


TETRAGONAL SYSTEM. 


With octahedral planes \(mc : a \d) the solid is a tetrahedron (£. 130, 
131) called a sphenoid , having the same relation to the square prism of 


131 132 133 134 



f. 106 that the regular tetrahedron lias to the cube. Fig. 130 is the positive 
sphenoid or +1, and 131 the negative , or — 1. The form \(m>e : oo a\d] 
is similar. Fig. 132 represents the sphenoid in combination with the prism 
i-i. 

If the planes of each sectant are the two of the octagonal pyramid 
: na : a) (f. 126), the form is a diploid (£. 133). It is in combination 
with the octahedron 1 -i in f. 134. 

(?) VertieaUy-direct , or the planes occuring in two opposite sectants 
above, and in two on the same diagonal below. The result is a horizontal 
prism, or forms resembling those of the orthorhombic system. Character- 
izes crystals of edingtonite. 

(c) VerticaUy-obllque. Planes occurring in two adjacent octants above, 
and in two diagonally opposite below, producing monoclinic forniB, as in a 
hydrous ammonium sulphate. 

2. Holohemihedral , all the sectants having half the full number of planes. 
As the largest number of planes of a kind is two , half the full number is 
in all cases one . Hemihedrism may occur in the forms m-n (f. 126, 127), 
or zirconoids, and in the forms i-n (f. 109), or the octagonal prism. 

The following are the kinds : 

{a) Vert ica ll y -direct. The occurring plane of the sectants, the right 
one in the upper series, and that in the same vertical zone below, as indi- 
cated by the shading in f. 135 ; or else the left one above, and that in the 
same vertical zone below, f. 136. 


135 13ft 137 138 139 



(?) VerticaUy-alternate. The occurring plane the right above, and that 
in the alternate zone below, as indicated in f. 137 ; or else the left above, 
and that in the alternate zone below, f. 138. 

As the right of the two planes above is in the same vertical zone with the 
left of the two below (supposing the lower end made the upper), the two 
kinds of the first division will be the rl m-n ; and the Vr vn-n (in f. 136 on 
the angles of the prism i-i) ; and the two of the second division the rr 
and the U m-n (in f. 138, on the angles of the prism vd). 
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The completed form for the first methods has parallel faces, and is like the 
ordinary square octahedron in shape, because the upper and lower planes 
belong to the same vertical zone. Hut in the second it is gyroidal / the 
upper pyramid has its faces in the same vertical line with an edge of the 
lower, as represented in f. 139, the form U m-n. 

The first of these methods occurs in octagonal prisms, producing a square 
prism, either r i-n, or l i-n. 

Fig. 140 represents a com- 140 141 

bination of the octahedron 1-i t AW “ 

with the unit-octahedron 1, and s / 3>/ |\ 

two hemihedral forms, one of / I \ I " Ss 

them Ir 1-2, the other rl 3-3. / j K # * J 

The plane 1 shows the posi- /U l* \\ */\ I / tf 

tion of the octant ; 3-3 is to / / /Y \ l? \\ C 1 38 

the right of 1, and 1-2 to the (]_ //Vm^ \ \\ rsj 33 / \ )rx il 
left. In f. 141, which is a top V y\ \ jV\ Jz — -j — 

view of a crystal of wernerite, V \\i / U Wemertte. 

there occurs l 3-3 large, along \ \Y 1?: j/ 

with r 3-3 small, indicating \ \l / 142 

hemihedrism, and, judging \\ / ,g 

from that of the allied species n/ 

sarcolite, it is of the square oc- Scheelite. 

tahedral kind, rl 3 3 and Ir 3-3. 

Fig. 142 contains the hemihedral prism l i-J, com- Wulfenite. 

bined with the unit-octahedron 1, and the basal 
plane O . 


Scheelite. 


Wulfenite. 


Variable elements in this system,. — In the tetragonal system two ele- 
ments are variable, and in any given case must be decided before the rela- 
tions of the forms can be definitely expressed. 

(a) The position of the lateral axes . — These axes are equal, but there are 
two possible positions for them, for in a given square octahedron they may 
be cither diagonal or diametral ; in other words, given an octahedron, as in 
f. 115, 116, the prismatic planes may be made diametral (i-i), and the octahe- 
dron so belong to the m-i series, or the prismatic planes may be made diag- 
onal, that is I (oo c : a : a\ when the corresponding octahedrons belong 
to the_m series. The ratio of the lateral axes for the two cases is obviously 
1 : ^2, or 1:1.4142+. 

(h) The length of the vertical axis. — Among the several occurring octa- 
hedrons, one must be assumed as the unit, and the others referred to it. In 
f. 143, of zircon, the octahedron 1 is made the unit, and by measur- 
ing the basal angle it is found mathematically, as explained later, 
that the length of the vertical axis is 0.85 times that of the lateral 
axes. The octahedron 3 has then the symbol 3c : a : a as referred 
to this unit. If the latter octahedron had been taken as the fun- 
damental form, the length of the vertical axis would have been 
3 x 0.85 times that of the lateral axes, and the symbol of the first 
plane would have been : a : a. Which form is to be taken as 
the unit or fundamental, that is, what length of the vertical axis c is to be 
adopted, depends upon various considerations. In general that form is 
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assumed as fundamental which is of most common occurrer.ee or to which 
the cleavage is parallel ; or which best shows the morphological relations 
of the given species to others related to it in chemical composition, or which 
gives the simplest symbols for the occurring forms of a species. 

Prominent characteristics of ordinary tetragonal forms. — The promi- 
nent distinguishing characteristics of tetragonal forms are : (1) A symme- 
trical arrangement of the planes in fours or eights . (2) The frequent oc- 

currence of a square prism diagonal to a square prism, the one making with 
the other an angle of 135°. (3) The occurrence of bevelling planes on the 

lateral edges of the square prism. (4) A resemblance of the octahedrons 
to the regular octahedron, in having a square base, but a dissimilarity in 
that the angles over the basal edges do not equal those over the terminal. (5) 
Cleavage may be either basal, square-prismatic , or octahedral / prismatic 
cleavage, when existing, is alike in two directions, parallel to the lateral 
faces of one of the square prisms, and is always dissimilar to the basal cleav- 
age; the basal, or the lateral, is sometimes indistinct or wanting; the pris- 
matic may occur parallel to the lateral planes of both square prisms, but 
when so, that of one will be always unlike in facility that of the other. 

Planes of symmetry . — There are five planes of symmetry in the tetra- 
gonal system : one principal plane of symmetry normal to the vertical axis, 
and four others, intersecting in this axis ; these four are in two pairs, the 
planes of each pair normal (90°) to each other, and diagonal (45°) to those 
of the other. 


III.— HEXAGONAL SYSTEM. 

The Hexagonal System includes two grand divisions : 1. The Hexa- 
gonal proper, in which (1) symmetry is by sixes , and multiples of six ; 
(2) hemihedral forms are of the kind called vert.ically-direct ; and (3) 
cleavage and all physical characters have direct relations to the holohedral 
hexagonal form. 

2. The Hhombohedral, in which (1) symmetry is by threes and multi- 
ples of three, rhombohedral forms being hemihedral in mathematical rela- 
tion to the hexagonal system, and of the kind called vertically-altemate ; 
(2) cleavage, and many other physical characters, usually partake of the 
hemihedrism. 

While the rhombohedron is mathematically a hemihedral form under 
the hexagonal system, and is properly so treated in a system of mathema- 
tical crystallography, it is not so genetically, or in its fundamental relations. 
Moreover, it has its own hemihedral forms, which, under the broad hexago- 
nal system, are tetartohedral. 

The holohedral forms, all of which belong to the Hexagonal division, 
are here first described; and then the hemihedral forms, which include, be- 
sides a few under the hexagonal division, the whole of the Hhombohedral 
division. 


A. Holohedral Forms : Hexagonal Division. 

The general expression for planes of this system is me : na : a: pa, where 
there are to be considered the vertical axis, c , and three equal lateral axes, a. 
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r $i {s evident, however, that the position of any plane is determined by lit 
intersections with two of tie lateral axes, as its direction with the third 
follows directly from them. (Compare f. 146.1 Consequently, in writing 
the symbol of any plane it is necessary to take into consideration only 
the vertical axis, and two of the lateral axes adjacent to each other. 

The various holohedral forms possible in this system are derived after 
the analogy of those of the tetragonal system. The parameters for all the 
lateral axes are given below for sake of comparison. It is to be noted here 
that m may be either < 1, or > 1 ; n is always > 1 and < 2, whiles > 2 

and< qd ; further than this it is always true that J 


me:na:a: (pa) 
me :2a: a: (2a) 

{ me: a: a: (goo) 
c:a:a: (go a) 
ooe na:a:(pa ) 
gog 2a: a: (2a) 
coo a: a: (co a) 
Qc: a: a: (a) 


\m-ri] when m £ 1, n > 1 and < 2* 
[wv-2J when m £ 1, w = 2. 

[///J when m £ 1, n = 1. 

[1J when m = 1, n = 1. 

[i-n] when m = oo , n> 1 and < 2. 
I/Z-2J when m = oo , n = 2. 

[/] when m = oo , n = 1. 

[0] when m = 0, n = 1. 


The abridged symbols need no explanation beyond that which has been given on p. 25 ; 
mPn=m-n ; oo Pn=i-n, etc. 


Basal planes , — The form O=0c : a : a includes the two basal planes 
hove ana below, parallel to the plane of the lateral axes. 



Prisms , — The form /=ooc : a: a comprises the six planes parallel to 
the vertical axis, and meeting the two adjoining lateral axes at equal dis- 
tances. These six planes with the basal plane form the hexagonal unit 
prism, f. 144. The form i-2=occ : 2 a: a includes the six planes which 
are parallel to the vertical axis but meet one of the lateral axes at the unit 
distance, and the other two at double that distance. These pianos with the 
basal plane form the diametral prism, f. 145. The relations ot the two 
prisms / and i-2 are shown in f. 146. In f. 147, it will be seen that the one 
prism truncates the vertical edges of the other. The faces of the i-2 
make an angle of 150° with the faces of I. These two prisms have an inti- 
mate connection with each other, and together form a regular twelve-sided 
prism,— a prism which is crystallographically impossible except as the result 
of the combination of these two different forms. 
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The form i-2 is a special case of the general form i-n or oo c : na : 
When ft is some number less than 2, and greater than 1, there must be two 

5 lanes answering the given conditions in each sectant, and twelve in alt 
‘ogether they form the dihexagonal, or twelve sided, prism. This prism 
bevels the edges of the prism J, and the vertical edges are of two kinds, 
axial and diagonal. The values of n must lie between 1 and 2 ; some of 
the occurring forms are i etc. 

Hexagonal pyramids, or Quartzoids. — The symbol 1 =c : a : a belongs 
to the twelve planes of the unit pyramid, f. 148, while the general form 
m = mc : a : a includes all the pyramids in this series where the length of 
the vertical axis is some multiple of the assumed unit length. As in the 
tetragonal system, when m diminishes, the pyramids become more and 
more obtuse, and the form passes into the basal plane when m is zero; 
while as m increases, the pyramids become more and more acute, and finally 
coincide with the prism I. These pyramids consequently replace the basal 
edges between O and 7, f. 149, and with them form a vertical zone of planes. 

The pyramids of the m-2 series have the same relation to those of them 
series, just described, that the prism ?‘-2 lias to the prism /. They replace 
the basal edges between i- 2 and O (f. 145), and as the value of m varies, 
give rise to a series or zone of planes between these limits. 

The pyramids of both the first (m) and the second {?n- 2) series are well 
shown iu f. 150, of apatite. In the first series there are the pyramids 1, 
and 2 ; and in the second series the pyramids 1-2, 2-2, and 4-2. The cor 



responding prisms /and i - 2 are also shown, and the zones between each of 
them and the basal plane O are to be noticed. Attention may also be 
called to the fact, exemplified here, that the pyramid 2-2 truncates the ver- 
tical edges of the pyramid 2 ; also 1-2 truncates the vertical edges of 1 ; 
while the latter form (1) also truncates the vertical edges of 4-2, as is seen 
in f. 147. 

Dihexagonal pyramids , or Berylloids . — The general form m,e : na: a 
gives the largest number of similar planes possible in this system, which is 
here obviously twenty-four, that is, two in each of the twelve eectants. 
These pyramids correspond to the prisms of the i-n series, and form the 
dihexagonal pyramids, or berylloids, as in f. 151. 

The berylloid has three kinds of edges : the axial edges X (f. 151, 152), 
connecting the apex with the extremity of one of the axes ; the diagonal 
.edges Y, and the basal edges Z 
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In the upper pyramid, one of these two planes for each sectant may be 
distinguished as the right , and the other the left , as lettered in f. 152 ; and 
the same, after inverting the crystal, for those of the other pyramid. It is to 
l>e observed that in a given position of the form, as that of f. 151, the Tight 



of tile upper pyramid will be over the left of the lower pyramid, and the 
reverse. Fig. 153 represents the planes of such a form m-n combined with 
the unit prism /, and the planes are lettered Z, 7*, in accordance with the 
above. In f. 154, of a crystal of beryl, the prism I is combined with the • 
pyramids 1, 2, 2-2, and the berylloid 3*|. 


B. Ilemihedral Forms. 

I. Vertically Direct. — The planes of the upper range of sectants being 
in the same vertical zone severally with those below. 

(A). Hemiholohedral. — Half the sectants having the full number of 
planes : 

1. Trigonal pyramids. — The diametral pyramid m-2 is some- 155 
times thus hemihedral, as in the annexed figure (f. 155) of a crys- 
tal of quartz, in which there art only three planes, 2-2 at each 
oxtremitv, and each of those above it in the same zone with one 
below. The completed form would be an equilateral and symme- 
trical double three-sided pyramid. 

2. 1'rigonal prisms . — The occurrence of three out of the six 
planes of the prism for i- 2, produces a three-sided prism. The prism I 
is thus hemihedral in tourmaline (f. 156, a top view of a crystal), and the 
prism i-2 in quartz. Both these forms properly belong to the Bliombo- 
hedral division. 

3. Ditrigonal prisms . — An hexagonal prism hemihedral to the diliexago- 
nal prism occurs in quartz and tourmaline , the hexagonal prism sometimes 
having only the alternate vertical edges bevelled, as in f. 185, and f. 186 , 
p. 40. 

(B). Holohemihedral . — All the sectants having half the full number of 
planes : 

1. Hemi~dihexagonal pyramids. — Each sectant has one out of the two 
planes of the dihexagonal pyramid (f. 151, 153) ; this is indicated by 
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the shading in f. 157. The occurring plane may be the right above and 
left below, or left above and right below, and the form accordingly 


156 



157 



158 



either rlrn-n , or Ir m-n. Examples of the first of these occur in f. 158, 
representing a crystal of apatite, the planes o(3-$), and being of 

this kind. This method of hemihedrism occurs only in forms that are 
true hexagonal ; it is often called pyramidal hemihedrism. 

II. Vertically alternate, the planes of the upper range of sectanta 
being in zones alternate with those below. 

(X) Hemiholohedral forms , or those in which half the eectants have the 
full number of planes as in the 


Rfiomboiiedral Division. 

1. Rhombohedron s , and their relation to Ilexagonal forms . — The rhom- 
bohedron is derivable from the hexagonal pyramid by a suppression of the 
alternate planes and the extension of the others. In f. 159, if the shaded 
planes in front and the opposite ones behind are suppressed, while the others 
are extended, a rhonibohedron will be derived. This is further shown 
in f. 160, where the hexagonal pyramid is represented within the rhom- 
bohedron. Another similar rhombohedron, complementary to this, would 
result from the suppression of the other alternate half of the planes. One 
of these rhombohedrons is called minus , and the other plus (f. 161, 162). 
The form in f. 148 is made up, under the rhombohcdral system, of -f/2 
and — R (or +1 and —1) combined, as in the annexed figure (f. 163), of ft 
crystal of quartz. 


159 160 161 162 



Fig. 164 shows the combination of the rhombohedron with the prism /; 
in f. 165 the former is more developed, and it finally passes into the com 
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plete rhombohedron, f. 161. In f. 166 the rhoinbohedral planes occur on 
the alternate angles of the diagonal prism i- 2. 

The symbol of the unit rhombohedron as referred to the hexagonal sys- 
tem is i(o : a : a), a second rhombohedron may be i(2c : a :a) and^ so on ; 
it is, however, more simple to write only +7? or —JR, and or —272, and 
so on ; or, where there is no confusion with the symbols of hexagonal iorms, 
as H-l. — 1, and +m, —m. 



Quarts. 
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This hemihedrism resulting in the rhombohedron is analogous, in the 
alternate positions of the planes above and below, to that producing the 
tetrahedron in the isometric system. But owing to the fact that there are 
three lateral axes instead of two , the rhombohedron has its opposite faces 
parallel, unlike the tetrahedron. 

In f. 167 the planes JR belong to 
the rhombohedron +1; $ to the 
rhombohedron -f $, having the verti- 
tical axis f c ; 0 is the basal plane, 
or mathematically the rhombohe- 
dron 0, the vertical axis being 
0 c. I is the hexagonal prism 

oo : 1 : 1, or more properly a rhom- 
bohedron with an infinite axis, oo c. 
On the opposite side of I the planes 
are rhombohedral, but belong to the 
minus series; — • has the vertical 
Calcite. axisfc; —4,4 c; —2, 2c; — f, f c, 
this last being complementary to 
-f $> and the same identical form, except that all the parts 
are reversed. Fig. 16S , A- £' represent different rhombo - 
hedrons of the species calcite: A , the rhombohedron 1; 
B, — i; C, —2; D, — £ ; B, 4 ; having respectively for 
the vertical axis, lc, 2c, \c % 4c, with e=0.8543, the lat- 
eral axes being made equal to unity. In f. 169 the 
rhombohedron 2 (or 2 li) is combined with —1 (or —1Z)> 
the latter truncating the terminal edges of the former. 

In relation to the series of 4- and — rhombohedrons it 
is important to note that, since the position of — \lt is that 
of the vertical edge of -f li, in combination with it, it truncates these 
Similarly -t-Ji? truncates the same edges of — and so on. 



Cinnabar. 
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Also +i? truncates the edges of -2 12, and —It the edges of + 2 It ({. 160) 
truncates the edges of -}-4 It, and so on. 5 

2. Scalenohedrons / forma hemihedral to the dihexaqonal pyramid. — As 
the rhombohedron is a hemihedral hexagonal pyramid or quartzoid, so a 
scalenohedron is a hemihedral dihexagonal pyramid or bervlloid. The 
method of hemihedrism is similar by the suppression of the planes of the 
alternate sectants, as indicated l>y the shading m f. 170 (analogous to f. 1591 
and the extension of those of the other sectants. A Bcalenohcdron ig 



represented in f. 171, a hexagonal double pyramid with a zig-zag basal out- 
line, and three kinds of edges : the shorter terminal edge X, the longer 
terminal edge Y, and the basal edge Z; the lateral axes terminate in the 
middle of the edges Z. There are plus and minus scalenohedrons, as 
there are plus and minus rhombohedrons, and they bear the same rela- 
tion to each other. 

The relations of the form to replacements of the rhom- 175 
bohedron are illustrated in the other figures. Fig. 172 repre- 
sents a rhombohedron (+lor It) with its basal edges bevel- 
led ; and this bevelment, continued to the obliteration of the 

f ►lanes It, produces the scalenohedron shown by the dotted 
ines. The scalenohedron in f. 171, 172 has the vertical axis 
equal to Sc, or three times as long as that of It, the lateral 
axes of both being equal ; and hence it is that the planes are 
lettered V, tlie 'l referring to the rhombohedron and the 
index 8 being the multiple that gives the value of the vertical 
axis of the scalenohedron. 

In f. 113 there are two scalenohedrons of the same series, 
viz., 1\ 1*, combined with the rhombohedrons It (or +1) and 
+ 4. Fig. 174 shows the scalenohedron — 1* combined with 
the rhombohedron —4 (or —4It ) ; and 175, the same with the rhombohe- 
dron 5 (+5R). 

Other scalenohedrons replace the basal angles of a rhombohedron by 
two similar planes (f. 176); or bevel the terminal edges; or replace the 
terminal solid angles by six planes, two to each terminal edge, or to each 
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rliombohedral face ; and they will be relatively 4- or — , according to their 
position in one or the other set of sectants, as has been explained. Fig. 177 
represents the top view of a crystal of tourmaline. It contains the rliombo 

176 177 




hedral planes, y-, — i,— -J, — f, —2, along with thescalenohedrons — £*, 
— i*, — 1*, and also two others bevelling the terminal edges of the 
rhombohedron It. 

The scalenohedrons — $*, — 4 3 , — | a , bevel the basal edges of the rhombohedron — | ; and 
consequently the lengths of the axes are respectively 2, 3, 5 times that of the rhombohedron 
and hence, equal lc, fc, £ c. Every scalenohedron corresponds to a bevelment of the 
basal edges of some rhombohedron— and that particular one whose lateral edges are parallel 
to those of the scalenohedron. The symbols for them accordingly are made up of the 
symbol of the rhombohedron and an index which expresses the relation of its vertical axis 
as to length to that of the rhombohedron; according to a method proposed by Naumann. 
(Seep. 72.) 

Hexagonal pyramids of the m - 2 or diagonal series occur in 

§ many rliombohedral species ; as f. 178 of corundum, which 
contains $-2 (r), 4-2, ^-2 (for 9-2 on the figure read *f-2, Klein), 
along with the rhombohedron 1, and the basal plane 0 ; also 
f. 167, in which is the pyramid 2-2. Ilemihedral forms of the 
same pyramids (of the kind described on p. 34) are met with in 
rhomhohedral species, but only such as have also tetartohedral 
modifications. Ilemihedral forms of the hexagonal and dihcx- 
oron urn. a g 01ia ] prisms (p. 34) are also characteristic of some rliombohedral 
species, and of those that have either tetartohedral or hemimorphic modifi- 
cations. 

Fig. 179 illustrates the relative positions of the zones of 
the and — rhombohedrons, and diagonal pyramids m - 2 
alternating with regions of -r and — scalenohedrons in the 
scheme of the rhombohedral system. The figure is supposed 
to be a top view. It is similar to f. 152, p. 34, and like that 
contains the upper planes of the dihexagonal pyramid ; but 
these are divided between a plus and a minus scalenohedron, 
those planes marked 4 - being the former, and the others (— ) the 
latter. The three lateral axeR are lettered each bb. The posi- 
tion of the + mH zone of planes (or plus rhombohedrons) relative 
to the scalenohedrons is shown by the lettering + R • of the 
—mil zones (or minus rhombohedrons) by —R. The position of 
the vertical zone of m-2 , or diametral pyramidal planes, is 
indicated by the letter d. The order of succession, beginning 
with one of the plus inter axial sectants ( the one in the medial line below) and numbering!! 
1, Isas follows : 
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ft (1) Plus scalenohedrons, or planes of the general form +m a , 

I. < (2) Zone of plus rhombohedrons, + ?nR. 

( (3) Plus scalenohedrons, or planes of the general form 
(4) Zone of diagonal pyramids, m- 2. 

1 (5) 'Minus scalenohedrons, or planes of the general form — m n . 

II. •< (6) Zone of minus rhombohedrons, 

( (7) Minus scalenohedrons, —m". 

(8) Zone ot diagonal pyramids, m-2. 

( (9) Plus scalenohedrons, +?»". 

III. ] (10) Zone of plus rhombohedrons, +mR. 

((11) Pius scalenohedrons, 

(12) Zone of diagonal pyramids. 

And so on around, as the figure illustrates. In the lower pyramid the order of succession it 
the same ; but the plus planes are directly below the minus of the above view of the upper 
pyramid. 

The plus scalenohedrons have the pyramidal edge over the 4 mR section, the more 
obtuse of the two (or edge Y) ; and the minus scalenohedrons have that edge the less obtuse 
(or edge X), and that over the — mR section the more obtuse (or edge Y). 

B. Ilolohemihedral forms, or those in which all the seetants have half 
the full number of planes (as shown by the shading in f. 180). 

Qyroulal , or trapezohedral forms . — Of the planes, in f. 181 there would 
occur only those lettered r , r, above and below ; or those lettered l , l, and, 
unlike f. 157, the planes above and below are not in the same zone. The 



form is consequently gyroidal, the planes being inclined around the prism, 
both above and below, and in the same direction at the two extremities. 
It is also called plagihedral. The symbol for the planes is rr m-n , or 
Um-n , according as the occurring planes of the two in the same sector are 
the right or the left. Fig. 182 is an example of ll 6-} in the species quartz. 


0. Tetartohedral Forms. 

These forms are hemihedral to the Rhombohedron. 

(A) Eolomorphic forms, like the preceding hemihedral, the planes occur- 
ring equally in the upper and lower range of seetants. 

3. Ithorribohedral tetartohedrism. — Occurring planes the alternate of 
those mentioned oil page 35, that is, the alternate planes r of one base, 
and l of the other. They are the r of three alternate seetants above, and 



‘40 


CBTST ALLOGRAPH Y . 


the l of three sectants below alternate with these. A form of this kina 
consists of six equal planes, equally spaced, and hence, equal in lnclina- 
tions, and is therefore, in the completed state, a rhombohedron. It ocems 
in menaccanite or titanic iron, and in quartz (f. 183, planes 13 

2. Gyroidal or t rapez< died ral tetartohedrism . — Occurring planes the 
alternate of those lettered r or L in f. 153, p. 34, that is, the alternate planes 
r, or alternate Z, of both bases. 
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In f. 185, the planes o\ o u , o m y o u , o y (4-$, 5-£, 6-£, 8-f, 3-*, the first 
four right, the last left) are examples. The upper and lower of a kind adjoin 
the same diametral plane, but are on opposite sides of it, and therefore the 
three sectants containing planes below are alternate with the three above. 
The solid made of these six planes (f. 184) has trapezoidal faces, and is 
called a trigonotyjye by Naumann. 

The tetartohedral planes on quartz and cinnabar have a remarkable con- 
nection with^ the circular polarization which is characteristic of them 
both, and which is further expla’ned elsewhere (p. 142). # 

(B) Hemimorphic forms ; the planes occurring either in the upper or 
the lower range of sectants and not in both. 

There are two kinds of forms : (1) the hemi-rhombohedron , and (2) the 
hemiscalenohedron. Fig. 186 illustrates each of these 
forms. The form 12 is properly hemihedral at the two 
extremities, its planes being very large at one, and 
quite small at the other. So with — Another rhom- 
bohedron, —2, occurs only at the upper extremity. 
Again, is a hemi-scalenohedron, the upper six planes 
being present, lmt not the lower. 

The prism / in this figure is hemihedral , as explained 
on p. 34. It is not tetartohedral to the hexagonal 
system in the ordinary view. But since in a vertical 
zone -fra/?, oo /?, — ra/?, the oo 12 may be regarded as 
the infinite term of either the +m!2 series, or else the 
same of the — mI2 series; and as this view accords wiih 
the tetartohedral character of the md? series in all such 
crystals , it might be ranked among tetartohedral forms . 
From the same point of view , the ditrigonal prisms in tourmaline and 
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quartz are tetartohedral, since they may he regarded as either plus or minus 
tetartohedral scalenoliedrons, with an infinite vertical axis. 

Variable elements. — In the hexagonal system the same elements are vari- 
able as in the tetragonal (see p. 30). In other words, the position of the 
vertical axis is fixed, but (1) a certain length must be assumed as the unit 
in a given species, and also (2) the position of the lateral axes must be fixed, 
tor, as m tlit, 145, either of the hexagonal prisms may be made / and 
the other i-2. 

The general characteristics of this system which the student must be 
acquainted with are: (1) The planes constantly occur in threes or sixes 
or their multiples ; (2) The frequency of the angles 120° and 150° in the 
prismatic series ; (3) Die rhombohedral cleavage, common in species be- 
longing to the rhombohedral division. It is also important to note that 
many forms apparently hexagonal really belong to the orthorhombic system, 
being produced by twinning parallel to the vertical prism ; e.g ., the appar- 
ently hexagonal prisms of aragonite. The close relation of the two systems 
is spoken of elsewhere (p. 46). 

The planes of symmetry for the hololiedral forms are analogous to those 
in the tetragonal system ; that is, one principal plane of symmetry normal 
# to the vertical axis, and six others intersecting in this axis. These last 
belong to two sets, the planes of the one cutting each other at angles of 
60°, and diagonal to those of the other. ° 


IY. — ORTHORHOMBIC SYSTEM. 

t In the Orthorhombic system the three axes are unequal r, 1 , d\ of these 
c is the vertical axis, b is made the longer of the two lateral axes, or the 
macrodiagouaJ' axis, and d the shorter lateral, or brachy diagonal, axis.* 
The different occurring forms, deduced as before from the general ex- 
oression, are: 


me : 

rib : a 

[m-n 

1 

: nb : a 

[i-n\ 

me : 

b : na 

j \m-fi 

1 ( °°o 

: b : na 
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: b : a 
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[i-i] 
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0 c : 
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The abridged symbols need very little explanation additional to that given on p. 25. As 
before, only the essential part of the symbol is given ; m is written first, and refers in all 
cases to the vertical axis (e), and n refers to one of the lateral axes, whether the longer (l) 
or the shorter (d) is indicated by the sign placed over it, as n or a. When n~ oo, this is 
indicated by the i hitherto used, and the sign is placed over it, or i, with the same signi- 
fication. Taese correspond to the symbols used by Naumann, as follows: O=0P\ A= 
£-l=ao P$5 ; oo P,i=i-/l ; mPx> =m-i ; mP=m ; m-/i=mPn< etc. 


* For the relation of the axes thus lettered to those of Dana’s System of Mineralogy and 
of other autb vs, see p. 53. 
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A. Ilobhedral Forms. 


Pinacoids . — The final ease mentioned in the above enumeration em 
braces, as before, the two basal planes, or basal pinacoids ; the one pre- 
ceding it includes the two planes parallel to the vertical and maorodiagonal 
axes (<: and i), called the macropinacoids , and the next above includes the 
planes parallel to the vertical and b racliy diagonal axes (a and a), called f lie 
hr achy pinacoids. These three sets of planes together form the solid in 
f. 188, which is called the diametral prism. In consequence of the ine- 
quality of the different pairs of planes there are only four similar edges in 
any set; thus four similar vertical edges; four macrodiagonal basal e^ges, 
two above and two below, between 0 and i-i ; and similarly four brachy- 
diagonal basal edges between 0 and i-i/ the eight solid angles are all 
similar. 



Prisms . — The form oo c : b : a, or 7, includes the four planes of the unit 
prism which, in combination with <9, is seen in f. 187. In this case the 
eight basal edges are similar, being made in each case by a similar pair of 
planes O and I. Of the vertical edges there are two pairs, those at 
tlie extremity of the axis d, which are obtuse, and those at thu extremity 
of b, which are acute. Similarly, there are two sets of basal solid angles, 
four in each; for though each solid angle is formed by the meeting of 
the same three planes, the angles are different in the two cases, The 
form I replaces the four similar vertical edges of f. 188 ; the macro- 

[ nnacoids i-i truncate the obtuse vertical edges of the prism /, and the 
>rachypinacoid8 i-i truncate the acute vertical edges of /, as shown in f. 189. 

There are two other series of prisms with symbols a ) c : nb : a and 
■x> c : b : na . In the latter series the axis b is made the unit ; the reason for 
this will be obvious when the relations of the two forms are explained. 

The prism / meets both axes a and 
b at their unit lengths, as in f. 187. 
If, now, the prismatic planes meet 
the longer lateral axis (S) at a greater 
distance, a prism is formed such as 
that in f. 190, whose symbol is £ 2 , or 
qo c : 2b : a. This is a macrodiago- 
nal prism ; and others might have 
the symbols i-i (oo c : 35 : a ), i- i (oo c : : a), and so on, or in general i-fu 

If n becomes less than unity, the case shown in f. 19 L arises , where the 
inner prism lias 7i=£, and the symbol is i- J (00 c : \b : a), still retaining d as 
the unit axis . For convenience of reference , however, the principle before 
explained (p. 11) is made use of \ and the plane is called 000 :b : 2a, or i-i; 
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these expressions and those before given being identical, except that in 
the latter case b is the unit axis. By this method the use of any fractions 
less than unity is avoided. The inner prism indicated by dotted lilies 
in f. 191, then becomes the outer prism or i-L The prisms of the general 
form i-h, are called brachy diagonal prisms. 

The prisms i-h bevel the front and rear (obtuse) edges of the prism 1, 
f. 192, and the prisms i-h bevel the side (acute) edges as in f. 193. Further, 
the former, i-h, replace the edges between iA and / (f. 194), while the i-h 
prisms replace the edges between i-l and 1 (f. 194). 

This series of planes (f. 194), from i-i to i-l , is another example of a 
zone; all the planes make parallel intersections with each other, being alike 
in that they are parallel to the vertical axis. 

192 m 194 



Domes. — The form me : aob : a includes the four planes which are 
parallel to the macrodiagonal axis, and meet the vertical axis at variable 
distances, multiples of the unit length (see f. 34, p. 11). An example of 
them in combination with i-l, the brachypinacoid, is shown in t. 195. 
These planes are called macrodomes (see also f. 196). 



The form me : b : coa includes four analogous planes, which differ in 
this respect, that they are parallel to the brachy diagonal axis, and are hence 
called oroehydomes (see f. 35, p. 11). In this case, the longer lateral axis 
is taken as the unit. Fig. 197 shows two such brachydomes, 14 and 2-i, 
in combination with other forms. (See also f. 198.) The word dome, used 
here and above, is derived from So/irj, or dointis, a house, the form resem- 
bling the roof of a house. 

The combination of 14 with 14 is shown in f. 199, forming a rectangular 
octahedron, and in f. 200 they are shown replacing the solid angles formed 
by 1 and O , as in f. 188. As either of the three directions may he made 
the vertical , it is evident that these domes differ from vertical prisma only 
in position. 
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The occurrence of these domes in combination with the other forms, O s 
i-i, irl 9 I y affords an illustration of the law of symmetry that all similar 

parts must be mollified alike. Thus in f. 
J 87, as has been shown, there are two sets 
of solid angles, four in each ; one set is 
replaced by the four planes of the form 
m-t, and if one is, all must be ; and the 
other set (lateral) is replaced by the four 
planes of the form m-i, f. 200. 

Octahedrons {or Pyramids ). — The sym- 
bol c : h : a (1) belongs to the unit octahedron (f. 201). It replaces the 
edges between the prism*/ and the basal plane O (f. 202). It also replaces 



201 



202 






the eight similar solid angles of the diametral prism, as in f. 203. This 
is a special case of the form me : b : a ) in which m may have values varv- 
mg from 0 to oo . Fig. 208, of sulphur, shows a zone of such planes, of 
the general symbol mc:b:a, with for /; also, m=l, m= =4, 

and finally m=0, for the basal plane O. 7 * 



1 f ° rm ' n * i 1S 8ys / tem > con8 i 8 ting of eight similar planes, may 

he written cither me : nb : a (m-h) or me :b:na The relation he- 

•'Tool' 6 tW ° ! S t le £ sat ? e a8 tllat between the prisms i-i, and i-h. Tlius 
in f. 2U4 one plane of the octahedron 2c : 2 b:a (2-2) is given, and also one 
plane of another octahedron or pyramid, whose symbolis 2 c:b • a (2) If 
« becomes le^s than unity, as j, the plane has tl.e symhm 2c : $b : a (2-1). 

*° a Tl ,d 1 1 ” 8 US - G fiae . tlo n s tbe symbol is written 4c : b: id, 
in^ ’Pi/V 16 p, 5"? 16 , 8ho ' vu ! n f - 205 » »' its two positions correspond- 
%£> 2o -W‘ a > and '-b :2a, the two being crystallographically Men- 
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Thus there are two series of pyramidal planes : 
where the shorter axis is taken as the unit, and a 
brachydiagonal {m-n\ where the unit is the longer 
lateral axis; and between the two lie the unit 
octahedron (1) and those of the m series, just as 
the prism 1 lies between the prisms i n and i-h. 
The macrodiagonal planes 1-2 and 2-2 are shown 
in f. 200 and f. 207. It is also seen in f. 207 that 
the planes 2-2, 2-5, 2*2 all make parallel intersec- 
tions with each other and with 5-5, being an 
example of a zone where the ratios of the ver- 
tical axes are the same. Further orthorhombic, 
forms are displayed in f. 208, of sulphur, already 
referred to. The full symbol of the plane 1-5 is 
c:b : 3a. 


B. IlemUiedral Forms . 


a macrodiagonal jn-n) 
208 



The hemihedral forms that have been observed are of two kinds : 1, 
The vertically -oblique (p. 14), producing monodinic forms; and 2, the 
hemimorphic, in which the planes of the octahedrons or domes of one base 
have no corresponding planes at the opposite extremity. The former kind 



Humite. 



Humite. 


211 



Calamine. 


is illustrated in f. 209, of the species chondrodite (var. humite, type 111). 
Fig. 210 represents the holohedral form of the same ; the planes $-5, 1-5, 
2-5, are of raacrodomes ; ^--5, |-5, f-5, 4-5, of brachydomes ; and the others of 
various octahedrons, mostly in two vertical zones, the unit zone {mo : b : a\ 
and the 1 : 2 zone ( ma : 2 b : a). In f. 209 the alternate of the macro- 
domes and of the octahedral planes of the 1 : 2 zone are absent in the 
upper half of the form, and are present without those with which they 
alternate in the lower half. The crystal consequently resembles one under 
the monoclinic system. 

Datolite was formerly cited as a hemihedral orthorhombic species, but it 
has been found to be really monoclinic. Furthermore, it has been recently 
shown by the author, by reference to the optical properties, that the chon 
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drodifce of the second and third types (see p. 82 7) is not orthorhombic but 
monoclinic, and this must be true also of liumite.* 

Hernimorphie forms characterize the species topaz and calamine. The 
latter (in f. 211) has only the planes of a hemioctahedron at one extremity, 
and planes of hemidomes at the other. For the pyro-electric properties of 
such forms, see p. 169. 

Vai*iable elements . — In the orthorhombic system the lengths of the three 
axes are variable, though their position is fixed, and after these are fixed 
the choice of one for the vertical axis must be arbitrarily made. In other 
words, given an orthorhombic crystal, the three rectangular directions are 
fixed, but two assumptions must be made which will mathematically deter- 
mine the length of two of the axes in terms of the third. For instance, 
in a crystal, ir certain occurring domes are adopted as the unit planes 1-i 
and l-£, this will determine the relative lengths of the three axes, for 
which two measurements will be necessary ; or, if an occurring octahe- 
dron is assumed as the unit octahedron (1.) this alone will obviously fix the 
axes; but here, also, two independent measurements are necessary in order 
to enable us to calculate their length, as is explained later, p. 74. Hav- 
ing determined upon the relative lengths of the axes, one of these must be 
made the vertical axis (c), and then, of the two remaining, the shorter will 
be the brachy diagonal ( a ), and the longer the macrodiagonal axis (5). 

In deciding these arbitrary points, the following serve as guides : The 
habit of the crystals; the relations of the given species to those allied in 
composition; the cleavage, which is regarded as pointing to that form 
which is properly fundamental ; and other considerations. IIow arbitrary 
the choice generally is is well shown by the fact that, in a considerable 
number of species belonging to this system, different lengths of axes, as 
also d iff *rent positions for them, have been adopted bv different authors. 
Where an optical examination can be made of an orthorhombic crystal, 
the results show what the true position of the axes is, in accordance with 
the principles proposed by Schrauf. This subject is alluded to again in its 
proper place (p. 151). 

The general characteristics of the crystals of this system are not so 
marked as those of the preceding systems. The kind of symmetry should 
be well understood, though, as remarked on p. 50, crystals which are in 
appearance orthorhombic may be really monoclinic; the true test of the 
system is to be found in the three rectangular axial directions. A pris- 
matic habit is very common, the prisms (except the diametral prism) not 
being square, also the prominence of some of the most commonly occur- 
ring macrodomes and brachydomes ; a prismatic cleavage is common, 
and often a cleavage exists parallel to one of the pinacoids ( e.g ., i-i) 
and not to the other, which could not be true in the tetragonal system ; 
similarly the planes i-x, i-i are sometimes physically different, e.g ., in 
regard to l\»stre. 

As has already been remarked, forms apparently hexagonal are common 
among certain species belonging to this system ; this is "true in those cases 

* ftinoe the above paragraph was put into type, Des Cloizeanx has announced that an opti- 
cal investigation by him has proved that humite crystals, of types II. and III., are really 
mciwcUnio^ as suggested above. The figures are allowed to remain, however, since they illu» 
trate the form which this method of hemihedxism would produce. 
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where the prism has an angle approximating to 120°. It is immediately 
evident, as is explained more thoroughly in the chapter on compound 
crystals, that if three individual crystals are united each by a prismatic 
face, when the prismatic angle is near 120°, they will form together 
a six-sided prism, approximating more or less closely to a regular hexa 
gonal prism. Similarly, under the same circumstances, the correspond 
mg pyramids will thus together form a more or less symmetrical hexagonal 
pyramid. This is illustrated by the accompanying 
figures of witherite, where the prismatic angle is 118°, 

30'. It need hardly be added that this is true in 
general, not only of the vertical prism, but also of a 
macrodome or brachydome, having an angle near 120°. 

The optical relations connected with this subject are 
alluded to elsewhere, p. 151. 

, Planes of Symmetry . — The three diametral planes 
are planes of symmetry in this system, and they are the only ones. 



V.— MONOCLINIC SYSTEM. 


In the Monoclinic system the three axes are un- 
equal in length, and while two of them have rectan- 
gular kitersections, the third is oblique. The position 
usually adopted for these axes is as shown in f. 214, 
where the vertical axis, c , and lateral axis, b , make 
retangular intersections, The same is true of b and 
d , while c and d are oblique to one another. 

The following is an enumeration of the several 
distinct forms possible in this system, deduced, as be- 
fore, from the general expression : 
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The abridged symbols correspond to those in the orthorhombic system, explained on p. 42. 
The only point to be noted is that where n or i relates to the clinodiagonal axis, d, this is 
indicated by an accent placed over it, as m-\, m-n ; but in m-i, and m-n, etc., t and n refet 
to the orthodiagonal axis. Nanmann wrote these mPoo , and mPn, or else with the 
accent across the initial letter P. The minus signs are used in the same way as by Naumann 
(tee p. 76). 

Pinacoids. — As in the orthorhombic system, there are three pairs of 
pinacoidal planes : the base O=0c : b : a; the ortkopinacoid , parallel to the 
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ortho-axis (b) oo c : oo b : a, or i-i ; and the elinopinacoid , parallel to the in 
dined axis (d), oo o : A : oo a, or t-i. 

In the solid (f. 216) or diametral prism formed of these three pairs of 
planes, the four vertical edges are similar, and this is also true of the four 
edges between 0 and i-i. On the other hand, the four remaining edges are 
of two sets ; that is, the edge in front above is similar to the edge be- 
hind and below, for the angles are equal 
and inclosed by similar planes; but these 
edges are not similar to the remaining 
two, since, though the planes are the 
same, the inclosed angles are unequal to 
the former. Further, there are two sets 
of solid angles, two in front and two dia- 
gonally opposite behind, being alike ob- 
tuse angles, and the other four alike and acute. 

Prisms . — In consequence of the similarity of the vertical edges of the 
diametral prism, they must all be replaced if one is ; this is done by the 

unit prism I (oo c : b : #), in f. 215, 217. 

Of the other prisms, each obviously consist- 
ing of four planes, there are two series, the 
orthodiagonal, i-n, and clinodiagonal, i-h. ' 
bearing the same relation to each other ae 
the macro- and bracliv-di agonal prisms in 
the orthorhombic system, in fact, the same 
explanation may be made use of here. Fig. 
217, of a crystal of datolite from Toggiana. 
shows the pinacoid planes, as also the unit 
prism, /, and the clinodiagonal prism, 

Clinodomes . — The form m-i {me : b : oo a) 
includes the four planes parallel to the clino- 
diagonal axis, and meeting the others at variable distances. They are analo- 
gous to the brachydomes of the orthorhombic system. There are four of 
these planes, because the two axes, c aud £, make rectangular intersections. 
This is also seen in f. 218, since, as has been remarked, the four clino- 
diagonal edges in f. 215 are similar, and hence are simultaneously replaced 
by these clinodomes. 


217 




Orthodomes . — Of the general form, me : xi: a, there are two sets ol 
planes, two in each (hemi~o?'thodomes) n both of which are alike in that they 
are parallel to the orthodiagonal ( b ) axis (see f. 219). They are unlike, how- 
ever, in that two are opposite an obtuse angle, aud two opposite the acute 
angle. Consequently these two pairs of planes are distinct, and must occur 
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independently of each other. To distinguish between them, those belonging 
to the obtuse sectants receive the minus sign (— m4), and those belonging 
to the acute sectants the plus sign (+w4), f. 219. This same point is illus- 
trated by f. 220, where, as has been remarked, the obtuse edges, above iu 
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front, and below behind, are similar, and are hence replaced by planes of 
the — m-i series, while the remaining two (f. 221), are also similar, and are 
replaced by planes. 

Hemirootahedrom . — The same distinction of plus and minus belongs to 
all the pyramidal planes, and the signs are used in the same way. For 
■each form there are only four similar planes. 

The m series is that of the unit octahedrons,— properly lienri-octahe- 
drons, or liemi-pyramids and —v i. The form made up of +1 and —1 
is seen in f. 223, and iu f. 222 the same planes are in combination with the 
three pinacoids. 

The general form, +m-n , — m-n , and + m-n, — m-n , give each four simi- 
lar planes. They bear exactly the same relation to each other as the m-n 
and m-fi of the orthorhombic system, so that no additional explanation is 
needed here in regard to them. 

The figure (f. 217) of datolite may be referred to for illustrations of the 
different forms which have been named. There are here three different 
clinodoines £4, 24, and 44, each comprising four planes ; a minus hemi- 
ortliodome (opposite the obtuse angle), —24, and also a plus ortliodome, 
+ 2 4 (these two planes are quite distinct, though numerically the symbols are 
the same) ; moreover, of liemi-oetaliedrons of the unit series, there are, —4, 
— and 4* 4, -f2, +-£, + l, + £, +$•; also of orthodiagonal pyramids, —4-2, 
—6-3, also +2-2, and of cl i nodi agonal planes, —84, and + 12-f. A 
careful study of a few such figures, especially with the help of models, will 
give the student a clear idea of the symmetry of this system. It will be 
noticed that all the planes above in front are repeated below behind, and 
those below in front appear again above behind. More important than 
this, it will be seen that the elinodiagonal diametral plane divides the crys- 
tal into two symmetrical halves, right and left; in other words, as remarked 
later, it is a plane of symmetry. 

Hemihedral forms occur of a hemimorphic character, in which the planes 
about the opposite extremities of the vertical axis are unlike ; thus, the 
planes of one or more liemi-pyramids may occur at one extremity, without 
those corresponding at the other, as in tartaric acid, ammonium tartrate, etc. 

With many monoclinic crystals the obliquity is obvious at sight ; but with 
many others it is slight, and can be determined only by exact measurements. 
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In datolite it is only six minutes. The character of the symmetry exhibits 
further the obliquity. But, as seen above, both -f and — • planes of the same 
wine do occur together, and though they are really distinct yet they may 
give a monoclinic crystal the aspect of an orthorhombic crystal. On the 
other hand, true orthorhombic crystals may be hemihedral, and thus may be 
toonoclinic in the character of the symmetry (p. 45). 

Variable elements . — In the monoclinic system, the only element which is 
fixed is the position of the orthodiagonal axis ( b ) at right angles to the plane 
in which the other axes must lie. The lengths of these axes must obviously 
be assumed in the same way as in the preceding system ; but, further than 
this, their position in the given plane, and the angle they make with each 
other, are both arbitrary ; in other words, any plane in the zone at right 
angles to the clinopinacoid may be taken as the base ( 0 ) and any other 
as the orthopinacoia (i-i). The existence of a prismatic cleavage, or one 
parallel to a plane in the orthodiagonal zone often points to the planes which 
are really to be considered fundamental. In many cases it is considered 
desirable to assume an angle near 90° as the angle of obliquity, so as to show 
the degree of divergence from the rectangular type. It need hardly be 
added that authorities differ widely both as to the position and lengths 
given to the axes of the same species. 

Plane of symmetry . — Monoclinic crystals have but one plane of sym-* 
metry, the diametral plane in which the vertical and clinodiagonal axes 
lie, that is, the plane parallel to the clinopinacoids. The maximum num- 
ber of similar planes for any form is four, and it will be noticed that 
there is no single form which alone can enclose a space, or form a geome 
♦rical solid. 


YL— TRICLINIC SYSTEM. 


In the Triclinic system the three axes are unequal, and their intersections 
are mutually oblique. In consequence of this fact , there is no plane of 
symmetry. Only diagonally opposite octants are similar; there can conse- 
quently he only two planes of any one kind. There are no truncations or 
hevelments, and no interfacial angles of 90°, 135°, or 120°. The prisms 
are all hemiprisms, and the octahedrons tetarto-octahedrons. 

The lateral axes are called the macrodiagonal Q>), and the brachydiago- 
nal (d). In f. 225 the diametral prism (made up of three pairs of different 



planes) is represented, and in f. 224 the unit prism. To the latter is added 
(in f. 226) one plane —1 on two diagonally opposite edges, which are two 
out of the eight of the unit octahedron (f . 227). This octahedron, as will 
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I>e seen, is made up of four sets of different planes. The different kinds 
of planes are distinguished by the long* or short mark over the n (A or A) 
and also by giving those which occur m the right-hand octants, in front, 
an accent ; those above (in the obtuse octants) are minus, and the others 
plus. The form m-fi, consequently may be — m-?V, or — m-A, -}- tft-A', ot 
+m-A ; and similarly with m-n. In f. 228 the unit prism is combined with 
a hemidome and a vertical plane parallel to the brachydiagonal section. 

The forms, although oblique in every direction, may still be closely 
similar to monoclinic forms of related species. 


229 
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The annexed figures are of triclinic species. Inf. 229, of anorthite, of 
the feldspar group, the form is very similar to those of the monoclinic 
feldspar, orthoelase ; in orthoclase, O on the brachydiagonal (cl i nodi agonal^ 
section is 90°, whence it is monoclinic, while in anorthite this angle is 85 
50', or 4° 10' from 90°, and this is the principal source of the diversity of 
angle and form. 

¥V. 230 represents one of the crystalline forms of axinite, nearly all of 
wliicK fail of any special monoclinic habit. 


MATHEMATICAL CRY S T ALLOGRAPH Y. 

Introductory remarlte on the proper symbol of each plane of a general 
crystalline form . — Hitherto the symbol me : nb : a has been employed to 
express the general position of all the planes comprising any crystalline 
form, and it has been shown that there are in some cases forty eight similar 
planes answering to the general symbol, and in other cases only two. In 
order, however, to express the exact position of each individual plane be- 
longing to such a form, it becomes necessary to resort to the methods of 
analytical geometry. As shown in f. 231, the portions of the axes, when 
the centre is the starting point, which lie above , to the right, and in front 
of the centre, are called plus (-h) ; the corresponding portions of the axes 
measured from the centre below, to the left, and behind, are called, for the 
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of distinction, mimix (— ). The planes of the first quadrant (see also 
f. 232) are all positive ( + ); the planes of the second positive (+) with 
reference to the axes e and a , but negative ( — ) with reference to b ; in the 


231 




third, both lateral axes are negative (— ); in the fourth quadrant the planes 
are positive in regard to e and b, but negative with respect to a . The 
lower quadrants are respectively similar, except that the vertical axis is 
always negative. The symbols for each plane of the orthorhombic, 
octahedron (f. 231), taken in the same order, will be as follows . 

Above, -he : -h b : -ha; -he : —5 : -ha; -he : —b : — a; -he : +b : — a . 

Below, — e : +b : -ha; —e : —b : -fa; — c : —b : —a; —c:+b: —a. 

The hexoctahedron fyna : na : a) may be taken as another example. The 
general symbol of the form of f. 247, p. 64, is 3-f (3 a : f a : a), but the 
symbol of each plane is distinct. The same principle applies here as in the 
other case. Several of the planes in f. 247 are numbered to allow of 
convenient reference to them as examples, the appropriate symbols are 
written below; the order in the symbols is the same as that uniformly used 
in the work : 1st, the vertical axis (c ) ; 2d, the lateral axis extending right 
and left (b) ; and 3d, the lateral axis, in front and behind (a). 


c b a 


c 

b a 

1 = 8a : \a : a 

6 = 

3 a : 

a : fa 

2 = f a : 3a : a 

7 = 

—3 a : 

fa ! a 

3 = a\3a\\a 

8 = 

—3a : 

a : fa 

4 = a : f a : 3a 

9 = 

fa : 

—3a : a 

5 = f # : a : 3a 

10 = 

—3a : 

— fa : a, 


It will be evident from these examples that to express the position of 
an individual plane the numbers expressing its relations to the three axes 
must all bo regarded, each with its appropriate sign ; in other words, the 
values of n , r, in the general form, me : nb : ra , must all be given, one 
of them being unity; m always refers to the vertical axis, c; n to the 
lateral axis* b ; r to the lateral axis, a ; as has already been remarked, a 
is usually made the unit axis. In the example last given the axes, being 
all equal, are all called a . 
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Reference must be made here to the method of lettering the axes adopted in this work. 
The usage of the majority of authors is followed, and the subject is illustrated in the fol- 
lowing table. 


Isometric. 

Common usage. ) 

Totrnp;. (H*>xog.) 
vert. iat 

This work v 

(Weiss, Rose. ) ) 
Miller’s School, 

a 

c a 

6 

Mohs, Naumann, 

a 

a 

Dana (System 1808) 

a 

a 


It is certainly very desirable to indicate 
placed above it ; in doing which, we follow I 


Orthorhombic, 

Triolinic; 

Monoclinic. 

vert. 

maorodiag. brachjdiag. 

vert, orthodiag 

clinodiag 

c 

b 

d 

c b 

d 

C 

a 

b 

c b 

a 

a 

b 

e 



a 

c 

b 

U e 

b 


to which axis each letter refers by tho mark 
Dein’s Ei/deitung in die Krgstallbereoh/iung, 


DETERMINATION OF PLANES BY ZONES. 

The subject of zones has been briefly explained on page 4, and various 
examples have been pointed out. The principle is one of the highest im- 
portance, both practically, since it gives the means of determining the 
symbols of many planes without calculation, and also theoretically. The 
law of zones, which states simply that the planes of a crystal lie in zones, 
• is one of the most important of the scfence, and second only to that of the 
rationality of the indices. The planes of a crystal thus may be said to be 
connected together by these zones, a single piane often lying , in a large 
number of zones. 

Parallelism in the combination edges, or mutual intersections of planes, 
is based upon some common geometrical ratio, and this common ratio he 
longs to the symbols of all the planes of the zone. 

288 

All planes which lie in the same zone will give exactly 
parallel reflections with the reflective goniometer, as explained 
on p. 87. This is the only decisive test, and when possible 
should be made use of, since combination-edges often appear 
parallel when the planes forming them are not really in the 
same zone. Furthermore, inasmuch as parallel intersections 
are observed between planes of a zone only when they actually 
intersect, the goniometer may often serve to detect the ex- 
istence of zones not otherwise manifest. 

In f. 194, p. 43, the planes i-t, i- 2 , /, 2 , i-l , all 
lie in a vertical zone, and they are all obviously 
alike in this, that they are parallel to the vertical 
axis ; in other words, the common value c = co be- 
longs to them all. Again, in the zone O, 14, 24, 
i4, etc. (f. 197, p. 43), the planes are alike in that 
they are all parallel to the brachv diagonal axis ; in other words, & = oo is 
true of all of them. Still again, the pyramidal planes £, 1, 2 (f. 150, p. 33), 
are also in a zone between 0 and /, and here the ratio 1 : 1 for the lateral 
axes applies to all ; also, 1-2, 2-2, 4-2, are in a zone from O to i- 2, and for 
them the lateral axes have the ratio 1 : 2. In the case of an oblique zone, 
as i4, 3-3, 2-5, 1, etc. (f. 233), this fact is less evident on inspection, but ifl 
equally true, as will be seen later. The common ratio in this case is m = r» 

Since all the planes of a zone have a comirou ratio, which has been 
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shown to be true in several examples but also admits of rigid proof, 
it is evident that a plane which lies in two zones has its position deter- 
mined by that fact, since it must answer to two known conditions. In 
other words, the algebraic equation of a zone is known when the parame- 
ters of two of its planes are given, for they are sufficient to determine the 
common ratio, and by combining them the zone equation is obtained; and 
further, when the equations of two zones are given, combining them will 
give the equation, that is, the parameters, of the plane common to both. 

The general equation, derived from Analytical Geometry, for any plane 
mo : nb : m, making parallel intersections with the planes mfc : n'b : r'a 
and m"c : n"b : r"a is, 

M ^ JV It ... 

— 4 - — -j = 0 ; in which, 

m nr 9 

J f= 7 n'm"(n'r"—n"r')\ N — n'n" It = r'r" m'V). 

By substituting the values of the parameters of two given planes form', 
n\ r' y and m", n " , r" in the zone equation, a derived equation is obtained 
which expresses the relations between m, ?t, r of all the planes of the zone. 
The form of the general zone equation is so symmetrical that the calcula- 
tions are in any case quickly and easily made by a method analogous to 
that used in Miller’s system (as suggested by Prof. J. P. Cooke). If we 
write the parameters in parallel lines, repeating the first two terms, we 
have 

m j n \y r \y m \X n ' 
m /' , n " x\ r" / \ m" /X n" 


and it will be seen that the coefficients M, A', ft are found by multiplying 
together the parameters in the manner which the scheme indicates. 


M = m'm" (n' r" — r’n"), AT= nn’' (rm'—m'r"). It = r'r" (m'ri'—n'm"). 


Take, for example, the zone of planes between i-l and 1 (f. 233). For 
irl, m! = i, n' = 1, r' = i ; for 1, m" = 1, n" = 1, r" = 1 ( i = oo ) ; hence 
the scheme becomes 

i , 1 V * \A \/ 1 

1 , 1 A 1 A 1 A 1 

and for the several values of the coefficients 


JkT = i (1 — i) = -i 2 . IV = 1 (i-i) = 0. Ii = i(i - 1) = 

This reduces the zone equation to m = r (after dividing by & = oo 2 ), and 
to this all the planes of the zone conform. So also for the zone of 14, /, 
3-|, 14, etc., in f. 234. The parameters of the plane / and 14 arranged as 
above give 

i 1 1 i 1 
1 i 1 1 i 


and the values of AT, AT, It are — -i 2 , — i 2 and respectively. Hence the 
lone equation becomes 




MATHEMATICAL CRYSTALLOGRAPHY. 


55 


v% 

and if r = 1, the general formula n = ~ — i * s derived. Between i : 1 : 1 (/) 

and 1 : i : 1 (l-i) the values of n are positive, as with the series of planes 
f : 6c-:f5:a; 5:f:l;4:f:l;3:|:l; 

2:2:1; £ : 3 : 1, etc., 1 : i : 1. Between 1 : z : 1 
and £ the values of n are negative, that is, are 
measured on the back half of t lie axis b ; as, for 
example, — 4 : 1 ; £ : — 3 : 1 ; £ : — 2 : 1 ; £ : 

— 1:1. As the zone continues on from£ : — 1 : 1 
to 1 : — 1 : ±i ( 14 ), and i : — 1 : —1 (/), the unit 
axis is changed, making n = —1. The zone equa- 
— m. 

tion then becomes r — r, the values of r being 

m — -1 n 

positive between 4 : —1 : 1 and 1 : —1 : zt i , and 

negative between 1 : —1: ± i and i : —1 : —1. 

The successive planes are $ : —1:2; £ : —1:3; 



i 


-1:4; 1 : -1 : ± i 


-1 : - 1 : 


-I : -3; 


>th figures 233 and 234 are illustrations of this zone. 


—1 : —2, eti. 


If the student will select a variety of examples of zones from the figures in the descriptive 
part of this work, and will apply the zone equation as given above to them, paying special 
attention to the xigns of the parameters of each plane, he will soon find that the apparent 
difficulties of the subject disappear. 


EXHIBITION OP TIIE ZONE-RELATIONS OF DIFFERENT PLANES BY MEANS OF METHODS OF 

PROJECTION. 


The relations of the different planes of a crystal are to some extent exhi- 
bited graphically in such figures as have been already given. Other meth- 
ods, however, are used which have special advantages. The two most 
important are briefly mentioned here. 

1. Quenstedfs method of — In this method the planes of a 

crystal are projected upon a horizontal plane, usually 
that of the base ( 0 ). Every plane is regarded as pass- 
ing through the unit-length of the axis which is taken 
as the vertical ; these planes consequently appear as 
straight lines intersecting each other on the plane of 
projection. 

The following are examples. In f. 235, of galenite, 
there are present the planes of the cube, octahedron, 
dodecahedron, and tetragonal trisoctahedron f-f. In 
the projection (f. 236) the plane of the paper is taken 
as that of thecubic plane, the two equal lateral axes (a) 
are shown in the dotted lines, and the vertical axis is perpendicular to the 
plane of the paper at their point of intersection. Any arbitrary length of 
the lateral axes, as ca, is taken as the unit. One of the cubic planes coin- 
cides with the plane of the paper, and the others, since they are supposed 
to pass through the unit point of the vertical axis, coincide with the projec- 
tions of the lateral axes, and are marked Z7, JL 

The octahedral planes (1) appear as lines connecting the unit lengths of 
the equal lateral axes ; of the dodecahedral planes, four pass each through 
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the extremity of one lateral axis, and parallel to the other, and four others 
are diagonal lines passing through the centre ; they are marked i in the 
figure. The other planes, f-§, when passing through the unit point of the 
vertical axis, are represented by the symbols 1 : f : 1, and 1 : 1 : % au( * 
1 : i : in the first quadrant, and similarly in the other three. 


236 



The projection of the first of these planes is the line joining the points x 
(ex = $ of m'jaml a 9 ; that of the second plane is the line joining the points 
a' and y (cy = f of ca : ); that of the third plane is the line joining the points 
and s ' * ( cs ] = rz § of m). The same method is followed in the other 
quadrants, the twelve lines, lightly drawn, in the figure are the projections 
of the twelve corresponding planes of the form |-f> 
give another example (topaz) from 
the orthorhombic system. The dotted lines, as before 
(f. 23 8), show the lateral axes on which the relative 
unit lengths of b and d belongingto this species have 
been marked oft (b = 1.892, d = 1). The four lines 
passing through these unit points, a and £, are the pro- 
jections of the unit octahedron 1. The unit prism, /, 
is projected in lines parallel to these, and passing 
through the centre. The prism also passes through 
the centre, hut the direction is that of a line joining 
the unit length of the axis b with two times that of d. 
The symbol of the octahedron : b: a) % becomes, 

on supposing the plane to pass through the unit point 
&f the vertical axis a : f b: fa, and it is consequently projected in the lines 
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joining the points t {ct = f of cb), and s (cs = $ of ca). The symbol of the 
plane f 2 (= : b : 2a) becomes, on the same condition, c : and its 

projection lines consequently connect the points t (at = f of cl) and u (cu 
= j-ofm). The same method is followed in the other systems; in the 
hexagonal there are on the plane of projection three equal lateral axes 
cutting each other at angles of 60°. 
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It will be seen from these examples that planes in a zone all pass 
through the same point of intersection; as in f. 2.34, if-i>, J, '/<*/'), ami, 
f. 237, I, i-2, i-l ( c ) ; this is also true mathematically of the planes () s L, 

/, whose projections are paral lei. This principle, which follows immediately 
from the tact stated above that plane* in a zone have a common ratio for two 
of the axes, is very important. If a given plane lie in two zones its projection 
must necessarily pass through the two points of intersections which belong 
to each of these respectively, and consequently its position is determined. 
The plane on f. 237 which has no written symbol for instance, lying in 
the zone with J and J, and the zone with 1 and j?-2, must, when projected, 
pass through the intersection point (f. 239) s of the former zone, and also 
through v that of the second zone. The plane itself, then, is one which 
meets the vertical axis at its unit length, the axis l obviously at an infinite 
distance, and the axis a at a distance f of its unit length ; hence, the sym- 
bol is 6* : Qo b : | -a, or § c : x> b : a (§-?<) in the form it is usually written. In 
many cases the ratios of the lateral axes are obvious at sight, as here ; iu 
every case, however, the position of the zonal point, and of the two points 
of intersection on the axes, admits of exact determination by a series ol 
simple equations. 

1 nose equations it is unnecessary to add here ; reference for them may 
he made to Quenstedt’s Crystallography, or that of Klein, mentioned on 
p. 59. This method is of so general use and of so easy application that 
every student should he familiar with it. Its advantages are that it leads 
to a clearer comprehension of the relations of the different forms, showing 
immediately aU the zones in which they lie, and in many cases — without the 
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use of equations — suffices to determine the symbols of an unknown plane, 
and that more simply than by the use of the zonal equation. The general 
principles contained in the method have been made by its proposer (Quen- 
stedt) the basis of an ingenious and philosophical system of Crystallograpny 
(Grundriss der bestimmenden mid reclmenden Krystallographie von Fr. 
Aug. Qnenstedt, Tubingen, 1873). 

2. Spherical projection of Neumann and Miller . — In this subject, as 
viewed by Miller, a crystal is situated within a sphere so that the centres of 
the two coincide. If now perpendiculars, or normals, be drawn from this 
centre to each pkme, and be produced, they will meet the surface of the 
Bphere, and these normal points will determine the position of each plane. 
If, then, this sphere is regarded as projected upon a horizontal plane it will 
appear as a circle, and the various normal points will occupy each its pro- 
per position cm or within this circle. This will he made more clear by an 
example. If the crystal (f. 237) be supposed to occupy the centre of a 
sphere, and if the terminal plane coincide with the plane of the paper, a 
normal to the plane O will meet the sphere of projection at the central 
point (f. 239) ; the planes i-l at the points indicated, and so of the other 

planes 1, f, 2-3, etc. 

Two principles hero are of 
fundamental importance: 1st, all 
planes of a zone have their nor- 
mals in the same great circle, as 
f , 3-2, etc. ; and 2d, the an- 
gles between these normal points 
are the supplements of the an- 
gles between the actual planes. 
These having been stated, it will 
be clear at once that the calcula- 
tion of the angles between dif- 
ferent planes, i.e., their normals, 
becomes merely a matter of solv- 
ing a series of spherical triangles 
in which some parts are given 
and others obtained by calcula- 
tion. Upon this basis a system 
of crystallography was construct- 
ed by Miller in 1839, which, as further developed by Grailich, Schrauf, 
von Lang and Maskelyne, lias every advantage over that of Naumann 
ill the matter of facility of calculation as in some other even more import- 
ant respects. 
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The method of construction of the circle of projection, for a given crystal, is in most cases 
very simple. The position of the crystal is commonly so taken that the prismatic zone is 
represented by the circumference of the circle, and the position of the normal-points of aU 
prismatic planes lie upon it The normal-points of the pinacoid planes are at 00° from one 
another (the macropinacoid is not present on the crystal, f 2:17). The two corresponding 
diameters, at right angles to each other, which are properly the projections of two great cir- 
cles, intersect at the centre the normal-point of the basal plane, 0 ; these diameters repre- 
sent respectively the macrodome (m-i) and brachydome (m-i) zones of planes. The several 
positions of the normal-points of the prismatic planes are determined by laying off the sup- 
plement angles of each with a protractor ; that of »-3 is 43° 25', and of /, 02° from the 
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normal-point of *'-i. The lines drawn between £2, 0 \ and £2 (behind), and 7, 0, 7 (behind) 
represent the zones of the w»-2 and m pyramids respectively. The position of the normal- 
points of a dome or pyramid upon its respective zonal line (great circle) is formed by laying 
off from the centre a distance equal to the tangent of half the supplement angle of the given 
plane on 0, taking the radius as unity. For example, 0 a H = 12(1° 27% hence the position 
of the required normal-point will be about $ (.5040) of the radius measured from 0 . 

It is in general necessary to determine in this way the normal-points of but very few of 
the planes, since those of the others are given by the zonal connection between the planes. 
Thus in this case, having determined in the way explained the positions of the poiuts i-I, i-3, 
/, and $-i, no further calculation is needed ; the point of intersection of the great circle 
joining t-I. J4, and i-i, and that joining 7, 0, 7, is the normal point of j| ; also the pomt of 
intersection of the great circle i-2, i-l, »-2 with 7, 0, /, is the normal-point of 1, and with 
£2, 0, »-2 that of £-2. 

The method explained is the same for all the orthometrie systems ; for the clinometric sys- 
tems the same principle is made use of, though the application is not quite so simple, sinoe 
the basal plane does not fall at the centre of the circle. 

In the system of Miller the general form of the symbol is hli, in which A, k, and l are 
always whole numbers, and, the reciprocals of Naum ami’s symbols. To translate the latter 
into the former it is only necessary to take the reciprocals and reduce the result to three 
whole numbers and write them in the proper order. In general, for m- n ( me : nb : a ), 
h : k : l = m : in : n, the latter expression being written in its simplest form, and, if neces- 
sary, fractional forms must he reduced to whole numbers by multiplication. Conversely, 

from JiM is obtained m — - , n = , and lienee, — — -- m-n. This applies to all the sys- 
l rC l K 

terns except the hexagonal, where a special process is required. See Appendix (p. 441). 


Methods of Calculation. 

In mathematical crystallography there are three problems requiring 
solution: 1st, The determination of the elements of the crystallization of 
a species, that is, the lengths and mutual inclination of the axes; 2d, The 
determination of the mutual interfaeial angles of like or unlike known 
planes; and 3d, The determination of the symbols, that is, values of the 
parameters m and n for unknown planes. 

This whole subject has been exhaustively discussed by Naumann in liis several works on 
crystallography. (For titles, see p. iv.) The long series of formulas deduced by him cover 
almost every case which can arise. In the present place the matter is treated briefly, since 
for all ordinary problems in crystallography the amount, of mathematics required is very 
small. This is especially true in view of the fact that, a large part of unknown planes can 
be determined by the zonal equation already given. When complicated problems do arise, 
the me hods of spherical trigonometry (based on the spherical projection of Miller) offer, in 
the opinion of most crystal lographers. the simplest and shortest mode of solution. It is be- 
lieved that the student who has mastered the elements of the subject, after the method of 
Naumann here followed, will, if he desire t * go further, find it to his advantage to turn to the 
system of Miller, referred to on p. 58 (See also Appendix. ) The formulas given under 
the different systems in the following pages are mostly those of Naumann, and it has been 
deemed desirable to explain at length, in mo^t cases, the methods by which these formulas 
are deduoed. If the student will follow these explanations through, he will find himself in 
a position to solve more difficult problems involving similar methods. Spherical triangles 
are employed in most cases, as early used by Haustnann (1813), by Naumann (1821)), and 
others; and carefully explained by Von Kobell in 1807 (Zur Berechnung der Krystallformen). 
The same methods have been elaboiated by Klein (Einleitung in die Krystallberecbnung, 
Stuttgart) 1875). 


THE BATIO OF THE TANGENTS IN HECT ANGULAR ZONES. 

Tangent primuple . — In any rectangular zone of planes, that is, a zone 
lying between two planes at right angles to each other, one of them bein^ 
a diametral plane, the tangents of the supplement angles made with this 
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diametral plane are proportional to the lengths of the axis corresponding 
to it 

Examples of rectangular zones are afforded by the zones between i-t and 
i*i y also 2 and 0 , f. 130, and I and 0, in f. 208 ; still again between 1 and 
Oy in f. 167 ; 1 and 0 , also i- 2 and 0 , in f. 150. In f. 217, the zone be- 
tween i-i and and 0 and i-i, as also the zones between i-l and any one of 
the orthodoines, are rectangular zones, but not the zones between the basal 
and vertical planes (except i- i), nor those between i-i and a clinodome. 

The truth of the above law is evident from the accompanying figures. 

If the angles between the planes e 1 , £ (f. 240) and 

240 the basal plane O are given, their supplements are the 

angles with the basal diametral section a 1 , a 2 , a 8 , respec- 
tively (f. 241). The tangents of these angles are the 
respective lengths of the vertical axis, corresponding 
to each plane, as seen in the successive triangles. In 
each case we have b tan a = c*, and hence, tan a 1 : tan 
a 2 : tan a 3 = & : c 2 : c 3 . 

I3y the law stated on p. 10, the ratio of the axes must 
have some simple numerical value. In other words, if 
c 1 lie taken as the unit, c 2 and (? must bear some simple 
ratio to it (denoted generally by m). In general, if a\ 
a 2 , a 3 are the supplement angles of three planes of a 
vertical zone upon a basal plane, then, 

tan a 1 : tun a 2 : tan a 3 — m l c : m 2 a : m 3 c = m l : m 2 : m*. 

Tin's is true as well for the pyramidal planes p\ yv 2 , jrv 8 , 
and the domes d\ d 2 , d? (f. 240). This principle is 
most commonly applied to a vertical zone, where the 
angles on the basal plane are known, and the value of 
m for each is required ; it applies, however, in the same 
way, to (liuj rectangular zone. 

l^or a prismatic zone, if the supplement angles on i-l 
are given = 7 1 , t 2 , etc., then, 

tan 7 1 : tan t 2 : tan 7 8 = : 5 2 : 5 s = n 1 : u 2 : ?i s . 

These relations may perhaps be made more clear by a little further 
explanati >n. Suppose a plane to pass through the vertical axis at 
right angles to the given zone O. e\ e 1 , and intersecting it in the 
dotted line (see ulso f. 241). A similar section may be mode with the 
planes rf 1 , d\ or with p\ p\ ;> 3 . From the section (f. 241), the 
relation of the vertical axes to the tangents of the basal angles is at 
once obvious. It will be seen here that a 1 , o*, etc , are not only the 
supplements of the interfaciul angles measured on O, but are also 
equal to the angles measure 1 on i-l diminished by 90°, and this is true in general. It will 
be also seen that the augles a\ etc., may be obtained from the angleB of the planes 
measured on each other. Thus, given e' a 0 = 180° — and given e ] /\e\ obviously a 7 (sup- 
plement of tf 2 A 0) = a 1 + (180° — e x A^ 3 ). 

USE OF SPHERICAL TRIGONOMETRY. 

The use of a spherical triangle often simplifies very much the operation 
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The following example 
represents a square octa- 


243 


of calculating the various angles and axial ratios, 
will exemplify the principle involved. Fig. 242 
hedron of zircon. If we take the front 
solid angle of the octahedron as a cen- 
tre, and from it imagine three arcs to 
be described with any radius — one on 
the octahedral plane BA , another on 
the basal section OA , and a third on 
the diametral section CB , it is evi- 
dent that a spherical triangle will be 
formed. In other words, the point a 
is imagined to be the centre of a 
sphere and the triangle ABC is that 
portion of its surface included between the three planes in question. 

In this triangle (f. 243) the successive parts are as follows : 



C = the angle between the basal and vertical diametral sections ; 
here 90°. 

a = the inclination of the vertical edge on the lateral axis. 

B = the semi-vertical angle of the octahedron (= $X). 
h (the hvpothenuse) = the plane angle of the octahedral face. 

A = the semi-basal angle (— \Z). 

b = tiie inclination of the basal edge on the lateral axis. 


f ii the case given , b = 45°, since in this , the tetragonal system, the 
lateral axes are equal and the basal edge makes an angle of 45° with each. 
Now if either A or B (that is, X or Z) is given by measurement, two parts 
in the triangle will be known and the others can be ivalilv calculated as 
they may be required. Other examples will be found in the pages which 
follow. 


In the majority of cases the spherical triangles obtained in the manner described are 
right-angled, and the problems resolve themselves into the solution of right-angled spherical 
triangles. In performing these operations practically, the student may be assisted by the 
following graphic method (used by Prof. Cooke, of Harvard University). It is bused upon 
Napier’s rules, which are familiar to every student : 

In a right-angled spherical triangle the sine of any part is equal to the product of the 
oosiDes of the opposite parts, or the proluot of the tangents of the adjacent parts. Here it 
is to be remembered that for the two angles and hypothenuse the complements are to be 
taken. 

The problems are represented graphically as follows : In the case given, suppose that the 
basal angle (Z) on the given octahedron has been measured and found to be 84° 19 46", that 
is, the angle A — $Z = 42° 9 52", and hence 90° —A = 47' 50' 7". Then the parts of th€ 
triangle may be written, commencing with 6 r , 

90° {C) a 

b (45°) (90* - B) 

(90° - A) (90° - h). 

If I? is required, we have (for zircon) sin (90° — B) = cos 45° x oos 47 ° 50 ' 7 * ; 
whence if = 6139 47", 

and the vertical angle (X) is 123° 19 34". 

Also, sin 45° — tan a x tan 47° 50' 7\ 

tanas 0.640373 = c t the vertical axil. 
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For convenience, some of the more important formulas for the solution of spherical 
triangles are here added. 

In spherical right triangles C — 90°. 


Sin A = 


sin a 
sin h 


sin B~ 


sin ft 
sin h 


Cos A = 


tan b 
tan h 


cos B = 


tan a 
tan h 


Tan A = 


tana 
sin b 


Sin A = 


cos B 
cos b 


tan B — 


tan b 
sin a 


sin B 


cos A 
cos a 


cos h =s cos a cos ft 
cos h — cot A oot B 


In oblique-angled spherical triangles : 


(1) 8in A : sin B = sin a : sin ft ; 

(2) Cos a = cos ft cos e + sin ft sin e cos A • 

(3) Cot ft sin e = cos c cos A + sin A cot B ; 

(4) Cos A = — cos B cos G -f sin B sin G cos a . 


In calculation it is often more convenient to use, instead of the latter formulas, those 
especially arranged for logarithms, which will be found in any of the many books devoted 
to mathematical formulas. 


Cosine formula . — General equation for the inclination of two planes in 
the orthometric systems. 

Representing the parameters of any plane by c : b : a, and also of any 
other plane by c':o':a\ and placing W for the supplement of their 
mutual inclination, 

p aa'bl'+cc’aa' A-lb'cc' 

+W I. 2 + b'W) 


In using this equation, the actual values of the parameters are to be sub- 
stituted for the letters. For the planes m-n, m'-n in the same octant, in 
which the parameters would be me : nb : a , and m'e : n!b : a , 

me , nb, a are substituted severally for <?, 5, a. 
m'c, n% a “ “ “ c\ b\ a\ 


I. Isometric System. 

The equality of the axes in the Isometric system makes it unnecessary to 
consider them in the calculations. The most commonly occurring prob- 
lems are the determination of the symbols in the various forms, i-n , m, 
m-m, m-n (f. 51, 54, 65, 69). These cases will be considered in succession. 
In all but the last, but a single measurement is necessary. 

1. Form i*n, tetrahexahedron . — The edges are of two kinds (p. 18), as 
A and O in f. 244 ; a measurement of either is sufficient to determine the 
value of ft. (a) Given the angle of the edgs A . Suppose a plane tc 



MATHEMATICAL CRYSTALLOGRAPHY. 


63 


pass through the edge A and the adjoining axis, ac, also a second plane 
through the two lateral axes, and imagine a spherical triangle con- 
structed, as explained on p. 61. 

This triangle (see f. 244 a) is right 
angled at C, and the other angles 
are $A, (half the measured angle of 
the crystal) and 45°, respectively. 

Hence, if v is the inclination of the 
plane on the lateral axis, ae y 

cos v = cos iA \ ; % 

and tan v = na — n. 

(b) Suppose the angle of the edge 0 
to be given. In the plane triangle 
(dbc) of the section in f. 244, \G 4 - 
45° + v = 180°, or v = 135°- \C, 
and, as before, tan v = n. If the angle of two opposite planes, meeting at 
the extremity of an axis, were given, half this angle would be the angle v. 
For a series of tetrahexahedrons the tangent law may be applied, since 
they form a zone between two cubic planes; the dodecahedron falls in this 
zone, being a special case of the tetrahexahcdron where n == 1. The angle 
between a plane i-n and the adjoining cubic face (II) is equal to v -f 90°, 
hence, cot ll—n. 

2. Form m, trigonal trisoctahedron . — The edges are of two kinds, A 
and B. (a) If the angle over B is given, suppose a diagonal plane to 
pass through the vertical axis and the edge A , 
meeting the planes, as indicated in the figure. 

A right-angled plane triangle is formed, of which 
the basal angle is equal to \B, and the base is 
the diagonal line x. Then x tan $B = the 
vertical side of the triangle (m#),but x — Vi when 
a = 1, whence tan iBV\~ma or m. (b) If 
the given angle is that of the edge A , place 
a spherical triangle ( ma ), as indicated in the 
figure. In this triangle C = 90° (for the diagonal 
plane is perpendicular to the plane m ), and the 
other angles are respectively \A (half the mea- 
sured angle) and 60°; hence, the side opposite 
iA (= the angle p) is obtained. Further, the 
angle of the two dotted diagonals (the octahe- 
dral and dodecahedral axes) is 35° 16' (p. 16), 
whence, \B = 144° 44' — p , and, as before, 
tan iBVi = m. See further the following case. The general equations 
are thus : 

(a) tan \B = m. 

(b) cos p = 2 cos iAV \ ; \B = 144° 44'— p. 

3. Form m-?n, tetragonal t'risoctahedron . — S n ppose (a) that the angle of 
the edge B is given. In the spherical triangle 1, in f. 246, C = 90 , and 
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each of the other angles equals %B. Hence, one of the equal sides 
(= angle v) is obtained, and tan v~m. (b) If the angle U is given, 

the triangle 2, in f. 24t>, is employed ; 



here one angle is = 90°, a second 
= H0°, and tiie tliird — ^(7, half 
the measured angle of the edge 01 
The side of the triangle — the angle 
p is calculated, and, as in the preced- 
ing case, f = 144° 44'— p, then 1 


2a 


= tan £V± 

The planes m-m 7 1, m, form a 
zone between the cubic and dodeca- 
hedral planes as f. 401, p. 244, to 
which the tangent law may be often 
conveniently applied. The form m 
passes into the octahedron 1 when 
m — 1, and when m is less than 
unity it becomes as explained 
on p. 17. 

Since these planes form a rectangular zone the tangent of the supple- 
ment angles between them and a cubic jdane are proportional to the values* 
of m for the given forms; only by applying this principle for m-m 9 the 

index — ■ : 1 : 1) will be obtained, which is equivalent to nz-m 

(= 1 : in : m). 

The general equations for the form m-m are : 

cos v = cot \B ; tan v = m. 

cosp = coti(7Vi; ?=144° 44'— p ; tan ZV2 = m + l. 

4. Form m-n , hexoctahedron . — The edges of 
the hexoctahedron are of three kinds, H, B , C 
(f. 247), and two measurements are, in general, 
needed in order to deduce the values of m 
and n. 

( a ) Given A. and B. In the oblique-angled 
spherical triangle I (f. 247), the three angles 
are •£•#, and 45°. In this triangle, the 
side opposite (= angle v) is calculated, and 
from it are obtained the values of m and n. 
as follows : 

+CQ8 IB . 

c v ihi $B 5 tfU1 ^ Bin v = m ; tan v = n. 

(b) Given A and C. In the oblique-angled triangle II (f, 247) the three 
angles are equal respectively to iA, iC, and 60°' The side opposite IA 

r„ an ? tfi 18 i Ca C J’ 1 ! te J d - ! he a,1 - le between tl,e diagonals, that is, 
the octahedral and dodecahedral axes, is 35° 16', and the third an»le of 

the triangle is £ the inclination of the edge G on the dodecahedraf axis ; 
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hence, £ = 144° 44'— p. Again, in the right-angled triangle III (f. 247), one 
angle = iC\ and the adjacent side =4, whence the other side, 8 (the in- 
clination of the edge B on the dodecahedral axis), is obtained ; v = 135°— 8, 
and from this, as above, and from the angle p, are deduced the values ol 
n and n. The formulas are : 


2 cos \A ~b cos \C 
sin V 3 


; f = 144° 44'— p ; tan 8 = sin f tan $C 


v — 135°— 8 ; tan v = n ; % tan f = m. 

’ 5 n + 1 


(c) Given B and C. 1l the right-angled triangle, IH (f. 247 ), the two 
angles are given, equal respectively to and 46 y . From the triangle is 
deduced the side opposite (= angle 8 defined before), and from it is 
obtained r, and from v and \B, the values of m and as in the first case 
The formulas are : 


tv cos ^ 6 
COS 8 = -r~~ n ; v : 

sin \B 


: 135°— 8 ; tan v = n ; tan \B sin v = m . 


If, instead of m-n , the form is m r , only one measurement is needed, 

’ ’ m — I 

and the process is simplified. 

When the angles of any plane m-n on two cubic planes are given, their 
supplements will be the angles of the plane upon the corresponding 
diametral sections, and from them the values of m-n may be readily calcu- 
lated. Thus (in f. 248), the angles of a given plane on a cubic piano at 
at * will be the supplement of its angle upon the 
section #V, that is, the angle B in the spherical 
triangle; similarly, the angle of a cubic plane at 
a % will be the supplement of its angle on the 
section a l d% the angle A in the spherical triangle. 

In this same triangle C = 90°. Hence, the sides 
opposite A and j ff, that is, the inclinations of the 
two edges on the adjacent axis, may be calculated, 
and this axis being equal to unity, their tangent* 
will give the corresponding lengths of the other 
axes. These lengths may not be the values of m 
and n in the form in which the symbol is generally 
written, where the unit axis is always the shortest, 
but the latter are immediately deducible. Forex- 
ample, if the angles here mentioned for the plane numbered 4 (in f. 247) had 
been measured, the values of the axes obtained by calculation, when the 
front axis is the unit, would be £ and £ respectively, and the symbol, hence, 
| ; -J- : 1, which is equivalent to 1 : J : 3, or m-n = 3-f for the general form. 

Hem ihedral forms . — For each licmihedral form the formulas are iden- 
tical with those already given for the corresponding holohedral, so far as 
the edges of the two are the same. For example, in comparing f. ,69 and 
f. 87 it is seen tha t the edges A and C are the same in both, while B of 
the holohedral form differs from B ' of the hemihedral. The formulas re* 
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quired to cover these additional cases are given below*, they are obtained 
in a manner similar to those in the preceding pages. 

Form £(ra), f. 85. Given B '. 

cos <= = 2 cos £2? V£ ; ? = 35° 16'+ e ; tan % V£ = m. 

Form f. 81. Given B'. 

tan \B'V 2 = m. 

Form i(m-n ), f. 87. (a) Given A! and B\ 

cos \B' Q cos \A' V2 V2 

am $A 9 sin cot a— cot p cot a + cot 

(J) Given B' and 0\ 

2 cos iB' + cos \C „ oeo , , * . m , 

cos e = f = 35° 16 + c : cot 8 = tan i C sm f. 

sin bC'V 3 

tan (8 + 45°) = n; — tan f — ra. 
n-f-1 

Form $[i-n], f. 92. Given .A". 

tan iA"= n. 

Form [?7i-7i], f. 100. (a) Given -A" and B " . 


cos 

sin iff 7 


/!/ WO Q/l 

= cos V ; tan v = n ; yW- = m. 


n cos £/4' 


(J) Given J." and G" 

o i/i’./t • /o /j cos (9^3 — cos &A" 

2 cos £ G V i = sm O : cos 8 = =-2 . 

’ sin £4" >2 

tan (45° + 6) = m ; sin (45° + 6) tan $A"= n. 

(c) Given B" and C". 

a 1 fjrtx/T - si t COS OVS — COS IB" 

2 cos £G V £ = sin 0 ; cos 8= -? — .. 

’ sin 

tan (46°+ 8) = n; sin (45° +5) tan £2? ' = m. 


The various combinations of holohedral and hemihedral forms which 
may occur are unlimited, and it would be unwise to attempt here to show 
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the methods of working them out. It is only necessary to remark that the 
solution can generally be readily obtained by the nse of one or two spheri- 
cal triangles in the way shown in the preceding cases. 

The calculation of the interfacial angles between two known forms can 
often be performed by the formulas already given, or by similar methods 
For the more general cases, reference must be made to the cosino formula, 
p. 62. 


Interfacial Angles. — I. Uolohedral Forms . 

The following are some of the angles among the more common of 
Isometric hololiedral forms; adjacent planes are to be understood, unless 
it is stated otherwise. The angles A, B, C\ above, are those over the 
edges so lettered in the figures referred to (see pp. 15-19), or over the 
corresponding edges in related forms : 


H A JT=»0», f. 88 
U A 1 =125 18', f. 40, 41 
H A » = 185, f. 48, 45. 
ifA<-f = l48 19 
H A »-2 = 153 20, f. 64 
II A i-3 = 161 84 
'II A i'i — 188 19 
Ha H = 136 45 
II A 2-2 = 144 44, f. 55 
H A 3-3 = 154 40 
H Al,ov. 1,= 115 14 
Ha 2 “ =109 28, f. 52 

HAS, “ = 103 is 

tf A 3-f = 143 18, f. 70 
II A 4-2 = 160 48 
II A 5-J = 147 41 
A 1 = 109 28, f. 42 
A 1 . top, = 70 82 
A t = 1*4 44, f. 47 
A = 143 11 
A i-2 = 140 10, f. 67 
1 A i-3 = 136 54 
1 A H = 41 


1 A 

2-2 

= 160 

82', f. 58 

1 A 

8-8 

= 150 

80, f. 57 

X A 

1 = 

169 49 

1 A 

2 = 

164 12, f. 53 

1 A 

8 = 

158 


1 A 

8-/ 

= 157 

45 

1 A 

4-2 

= 151 

52 

1 A 

5-! 

= 151 

25 

i A 

i = 

120 f. 

45 

i A 

i, ov. top. 

= 90 

i A 

i‘y 

= 167 

42 

i A 

i-2 

= 101 

34, f. 68 

i A 

i-3 

= 153 

26 

i A 

2 2 

= 150 


» A 

8-3 

= 160 

54 

i A 

3-3 

= 148 

31 

i A 

4-J 

= 160 

6 


i A G-fi = 162 58* 

2-2 a 2-2, .# — 131 49, f. 51 
2-2 a 2-2, # = 140 27 

2- 2 A 2-2, ov. top. = 109 28 

3- 3 A 3-3, #= 144 54, f. 61 
3-3 A 3-3, # = 129 31 


t-i A i h 4 = t»3- 49' 
i-i A #= 157 23 
i-2 A i-2, 4,= 148 8, t 05 
i-2 A i-2, <7,= 143 8 
e-2 A i-2, ov. top,= 120 52 
i-2 A i-3 = 171 52 
i-2 A 2-2= 155 54 
i-3 A i-3, A,= 154 9. t 06 
i-3 A i-3, C,- 126 52 
2a2,A = 152 44, f. 51 

2 A 2, # = 141 8* 

8 A 8, A,= U2 8 

3 A 8, #= 153 28* 

8 4,= 158 13, f, 09 
8-}, #= 149 
51-J, # = 158 18 
4-2, ^,= 102 Iff 
4-2, # = 154 47* 

4- 2, 6 r ,= 144 8 
ff-i, yt,= 152 20 
«-5, #= 160 32 

5- J, #=152 20 


II. Hem ihedral Forms . 


The following are the angles for the corresponding hemihedral forms: 


1 A 1 = 70° 32'. f. 76, 76 a 
i A 3, A,= 162 39* 

1 A ii H,= 82 10 

2 A 2, A,= 152 44, 1. 85 

2 A 2, B,= 90 

8 A 8, A,= 142 8 

3 A 3, B, = 99 5 
H A H, £,= 93 22 
HaH < 7 , = 160 15 

8-2 a 2-2, B,= 109 28, /. 81 
2-2 a 2-2, 6’,= 146 26* 

8-8 A 3-3, B,~ 124 7 


3-3 A 3-3, C,~ 134* 2' 

3-} A 3-J, A,= 158 13, f. 87 
3-f A 8-?, B,= 110 55* 

3- ? A 3- if, C, = 158 IS 

4- 2 a 4-2, A,= 162 15 
4-2 A 4-2, .0,= 124 51 
4-2 A 4-2, 6',= 144 3 
i-3 A *- -<*,= 112 87 
►3 A *-h C,= 117 29 

i-2 a »-2, /4,= 126 52, f. 92, 93 
i-2 A i-2, 6',= 113 35 
i-3 A i-3, A,= 143 8 


i-3 A i-3, 0,= 107” 27*' 

4-2 a 4-2, A,= 128 15 
4-2 a 4-2, B = 154 47* 

4- 2 a 4-2, £.’,= 131 49 

3-3 A A,= 115 23, t. 10C 
3-3 A 3-3, //,= 149 
3-3 A 8-3, C,= 141 47 

5- J A 5-5, A, = 119 8* 

5-3 A 5-J, B.= 100 82 
5-3 A 6-3, C,= 131 5 


In the forms i- f, i-2 (f. 92), i-3 , i-4, ^4 is the angle at the longer edge, 
and C that at either of the others. 
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II. — Tetragonal System. 


In the Tetragonal system, as has been fully explained (p. 30), the length of 
the vertical axis is variable, and must be determined for each species. If the 
length of c is known, then it may be required to determine the symbols of 
certain planes by means of measured angles. These two problems are in a 
measure complementary to each other, and the same metnods will give a 
solution to either case. (F or figures of the forms see pages 27 and 28.) 
The calculation of the interfacial angles can be perioimed by similar 
methods or by the cosine formula. 

1. Form m .— The edges are of two kinds, pyramidal X, and basal Z. 
If either angle is known, the angle a, which is the inclination of the edge 
X on the lateral axis, may be calculated by the spherical triangle, as in 
f. 242, 243. (Compare the explanation of this case, p. 62.) Obviously in 
the plane right-angled triangle formed by the two axes and the edge X \ 
tan a = me (since a = 1). If 6 is known, then m is determined ; and^ con- 
versely, a value being assumed for m, in the special case, c is given by the 
calculation. The general formulas are : • 



cot iX = sin a, or tan \Z = tan a; then tan a = me. 

2. Form m-i.—(a) Given the angle Z, me is found immediately ; the 
solution is obvious, for in the section indicated by 
the dotted line (f. 249), \Z = a, and the tangent of 
thiB angle is equal to the vertical axis, (b) Given 
the angle T. A spherical triangle placed as in 
f. 249, has one angle = a second = 45°, and 
the third =90°, whence the side opposite £F is 
calculated, which is the complement of a. 

The general formulas, which may serve to de- 
duce the vain of m , when c is given, or the con- 
verse, are: 

= sin a, or tan \Z = tan a , and tan a = me. 

If a Beries of square octahedrons m, or m-i, occur in a vertical zone, their 
Byrabols may be calculated in both cases alike by the law of the tangents, 

(See* 111 .* 60) ° f ^ P anes 011 or 011 or respectively, being given. 

:J^h r \"?' n -r F ° r i he ®"£ Ieof the edge X (f. 109, p. 26), at the extrem - 
lty of a lateral axis, tan = n. From the angle of the other edge JT, 
we have iX = 135 — ; and hence, tan (135°— \Y) = n. ” 

4. Form m-n.--The edges are of three kinds, X, F, Z(f. 250), and two 
angles must be given in the general case to determine m and n. 

W Given X and Z. A spherical triangle having its vertices on the edgei 
X and Z, and the lateral axis, as 1, f. 250, will have two of its angles equal 
to ■J-X, iZ, respectively, and the third equal to 90°. The solution of this 
triangle gives the sides, viz., a and v y the inclinations of the edges X and 
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Z, respectively, on the lateral axis. The tangents of these angles give the 
values of m and n. The formulas are as follows : 


cos ^ Z cos iJST 

sin \X ’ sin \Z ' 

(S) Given Y and Z. In a second triangle placed as indicated (2, f. 250), 
two of the angles are \Y and \Z respectively, 
and the third is 90°. The solution of this second 
triangle gives 8, the inclination of the edge Z 
on the diagonal axis, from which, in the plane 
triangle we have v = 135° — 8, and from v is ob- 
tained n. Still again from the triangle 1 (f. 250), 
and its solution used in the preceding case, having 
given Z and v, a is obtained, ana from it m ; 
as by the following formulas : 

= cos 8, v = 135° —8, tan v = n ; 
sin ’ 

tan \Z sin v = tan a = me . 



(e) Given X and Y. A third triangle, numbered 3 in the figure, has two 
of the angles equal toJXand £ I" respectively, and the third is 45°. Solv- 
ing this oblique-angled triangle, the angle of the inclination of the edge Y 
on the vertical axis is obtained, and its complement is the angle e, the in- 
clination of the edge Y on the diagonal axis; from e and \ Y are obtained, 
by triangle 2, 8, and thence, as above, n\ and finally, from X and v, is 
obtained a, and from that the value of m. The simplified formulas are as 
follows : 


cos i Y 
cos \X 


n— 1 ; sin a = n cot tan a = me. 


Pyramids of the general symbol 1-n, m-rn , etc., are especial cases of the 
preceding, the processes being for them, however, somewhat simplified. A 
single measurement is sufficient. 


IIL Hexagonal System. 

In the Hexagonal system there are three equal lateral axes (a) inter 
Beating at angles of 60 ° 9 and a fourth vertical axis (c) at right angles to 
the plane of the others. Taking a = 1 , there remains but one unknown 
quantity in the elements of a crystal, that is the length of c, and a 
single measurement is sufficient to determine this. The relations of the 
three lateral axes have been explained on p. 3± 

The hexagonal system is closely allied to the tetragonal, and optically 
they are identical, as is shown beyond. 

Schrauf refers all hexagonal forms to two lateral axes crossing at right 
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angles and a vertical axis, in order to show this relation. Accoi ding to him, in 
this system, the axes are c : aV 3 : a ; in the tetragonal they are c : a : a. 
Miller’s school, on the contrary, employ three equal axes, making equal 
angles with each other, and each normal to a lace of the fundamental rhoin- 
bohedron. In each of these methods a holohedral form, for instance a 
hexagonal pyramid, is considered as made up of two sets of forms, having 
different indices. 


A. — Holohedral Forme. 

1. Form m : hexagonal pyramid, first series. — Suppose a spherical trian- 
gle, inscribed in f. 148, p. 33, having its vertices upon the edges X and Z , 
and the corresponding lateral axis respectively, similar to the triangle of 
f. 242. This will be a right-angled triangle. 

(a) When the angle of the edge X is given, then £, the inclination of the 
edge X upon the adjoining lateral axis, is calculated : 

gin £ = cot \X V3, and tan £ = mo, or = c, the vertical axis, when m = 1. 

(b) Given the angle Z. 

tan i Z Vi = me, or = b when w = l 

2. Form m-2 : hexagonal pyramid, second series. — These pyramids bear 
the same relation to those of the m series as the m-i octahedrons to m octa- 
hedrons of the tetragonal system. (Compare f. 112, 146.) The methods of 
calculation are similar (f. 249.) The edges are of two kinds, vertical Y and 
basal Z. 


(a) Given the angle Y. 

2 cos i Y = sin \Z, and tan iZ = me, or c when m = 1. 

(b) Given the angle Z. Then simply 

tan \Z — mo. 


3. Form i-n : dihexa^onal prism.-— The vertical edges are of two kinds, 
axial X , and diagonal Y ; the solution in either case is by means of a plane 
triangle, in a cross-section analogous to that of f. 146. 


(a) Given X. 


tan iXV$ = 


n 


tan iYV 3 = 


n+1 

71 — 1 


(b) Given Y. 
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4 Form m-n: dihexagonal pyramid— The edges (f. 251) are of throe 
kinds, X and Y terminal, and Z basal; measurements of 
two of these are required to give the values of m and 351 

n ; this is analogous to the calculation for the form m-n 
in the preceding system. 

(a) Given JTand Z. In a spherical triangle having its 
vertices on the edges X and Z, and the adjoining lat- 
eral axis respectively, two angles are given. If v = the 
inclination of the edge Z upon the lateral axis (the 6ide 
of the spherical triangle opposite the angle iX ), then 


cos &X 

COS P = f-r- n — 

sin \Z 9 


i = tan (z/-30°)^|; tan \Z 



(b) Given T and Z The right-angled spherical triangle has its vertices 
on tl*e edges land Z and the diagonal axis. If 8 = the inclination of 
the edge Z upon this diagonal lateral axis, then : 

, cos|7 , _ 

C0S S = l iil ' iZ ; but n tan (120°— 8) vj, 

also 

(150°— 8) = v ; and, as before, tan \Z sin v = me. 

(c) Given X and Y. In the oblique-angled spherical triangle, with its 
vertices upon the edges X and Y and the vertical axis, the three angles 
are known, viz., $Y y and 30°, hence : 


2 — n _ cos \X VH. 
n — 1 cos ^ Y 

Further, if f = the angle of inclination of the edge X upon a lateral 
axis, that is, the complement of the same edge upon the vertical axis (the 
side of the spherical triangle opposite the angle % Y ), 

4/3 

sin f = n cot iX, and tan f = me. 

2 — n 


If the pyramid m-n takes the form m — — , as determined by its zonal 

m — 1 

relations, the calculations are simplified, since one unknown quantity 
only, m, has to be determined, and one measurement is sufficient. 


B . — Rhombohedral Division. 

The relation of the rhombohedrons and scalenohedrons to the true hexa* 
>fial forms has been made clear in another place. The rhom boiled ron is 
te hemihedral form of the hexagonal pyramid m, and its symbol is writ* 
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or usually mli. 


The 6calenohedron is the corresponding hemihe 


dral form of the twelve-sided pyramid, and its symbol is written or 

m f lt n \ The latter symbol, proposed by Naumann, has reference to the 
rhombobedron whose lateral edge corresponds to the edge Z of the given 
scalenohedron. 

The formulas given by Naumann for reducing the symbol i(nt-n) to the 
form m'BP are as follows : 


n 


n 


2 — n 


For the converse, to reduce m'li*' to the form 


m = m'ri and n = 


2ri 


n' + 1 


1. Rhombohedrons , mli . — The methods of calculation are simple, and 
will be understood from f. 252. The edges are of 
two kinds, X and Z, and their relation is such that 
the corresponding angles are the supplements of 
each other. 

Given the angle of the edge X A spherical 
triangle is placed, as indicated by ABC\in f. 252, 
with its vertices respectively on the edge X, the 
vertical axis, and the diagonal of the rhombohe- 
dral face. In this triangle A = \X, B = 60°, 

and C = 90°, but cos a = = cos i± - 

sin B sin 60°’ 
here o, is the inclination of the diagonal line 
. • i* , upon the vertical axis, that is, the complement of 

a, its inclination upon the basal section. Now in the plane triangle ale, 

where ao = the lateral axis = 1, ah = Vf, hence, tan a me, or = i, 

the vertjeal axis of the rhombohedron, when m = 1. 3 

The geueral formulas are then : 



cos \X 

8111 a = IhToo " 0 ’ and tau a Vi = me. 


When i the &Ug l e ? f . 12 (° r mIi ) a P° n the basal plane O can be 
meMHred^tbe supplement of this is the angle a. Similar ly the angle Uhl 

In a series of rhombohedrons in a vertical zone, the tangent law can be 
advantageously applied. Attention must also l>e called to the zonal relations 
or certain + and — rhombohedrons, remarked on p. 36 ; these relations 
may be conveniently shown by means of Quenstedt’s method of projection. 

2. & ocUeno/udron*, mli *. — As seen in f. 171, p. 37, the edges are of tlnfee 
kinds, A., Y, Z, and two angles, must in general be measured to allow of 
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the determination of m and n. The methods of calculation are not alto- 
gether simple. The following equations are from Naumann. 

(a) Given Xand Y. 


n is found 


&1bo, 


from = 5 further > 8in ~ 

n — i cos ■$! n ■+• l 

tan iZ , „ 

008 ^ = nyj ’ au< * cot f ^8 =s mo. 


(i) Given X and Z. 

2n _ sin \Z 
^+ 1 “ l^iX 5 C08 *'= 


tan jZ 
nV3 ' 


cot fV3 as me. 


(e) Given T and Z. 
2n sin \Z 


n 


„ tan £Z . 

eosiF » cos ? = and cot = mc - 


If m , that is tlie inscribed rhombohedron, is known, one measurement 
will give the value of n. Z r = basal edge of the inscribed rhombohedron 
(care must be taken to note whether 0 is obtuse or acute). 

(d) Given X. sin 0 = 2 cos £X cos £Z. 

tan (0 — £Z') cot -JZ' = n. 

(e) Given Y \ sin 0 = 2 cos £Y cos £Z f . 


tan (0 4* £Z) cot \Z' = n. 
( f ) Given Z. tan £Z, cot £Z' = n. 


If n is known. From X , we have sin £Z = — — cos ; then, as 

n + 1 

under (a). From X, sin \Z = cos and then as above. From Z, 

71—1 

cos £' is obtained as under (a), and then inc. 


IV. Orthorhombic System. 

Of the three rectangular axes in the Orthorhombic system, one is always 
taken equal to unity, in this work the shortest (< d ). This leaves two 
unknown quantities to be determined for each species, namely, the lengths 
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of the axes c and expressed in terms of the unit axis d> and for this 
end two independent measurements are required. The simpler eases are 
considered here. 


Calculation of the Lengths of the Axes. 

Let a = the inclination of the edge Z to the axis d (f. 253). 

6 — the inclination of the edge X to the axis d . 

7 = the inclination of the edge Y to the axis b. 

From the nlane triangle formed by each edge and the axes adjacent 
(f 253, 254) the following relations are deduced, when d = 1 : 

Given a and /3, tan 0 = c and tan a = b. 

Given a and 7 , tan a = and b tan 7 = c. 

Given 0 and 7 , tan 0 = c, and c cot 7 = l. 

255 




a ’ V are given direct by measurement; for, obviously 
(f. 254, 255), J 

a = the semi-prismatic angle I A /(over i-i). 

0 = tlie semi-basal angle of 14 A 14. 

7 = the semi-basal angle of 14 A 14. 

Also / A i-i = a + 90° ; 1-i a i-l = 0 + 90° ; 11 A 0 = 180 °_fl, etc. 
0 JT l ! 16 < i c !f ‘ e ^ rol ‘ 2 ® 3 )> tl,e angles a, /3, 7 are calculated iimnedi- 
•bow t lC f ° ° Wing fonnulas > and them the length of the axes as 

(а) Given X and Z (spherical triangle 1, f. 253), 

eos«= _^|^ ;co6y3= 

sin $Z sin iX 

(б) Given Y and Z (spherical triangle II, f. 253), 

«*« = ^±T;«. 7 = SSlM. 

sin \Z, sin $ T 


(c) Given X and Y (spherical triangle III, f. 253), 


sin /3 = ^Li r ; 

“ . 1 XT ) 


~ — j 8111 y — 

s in $X 


COS jX 

8 in -frY* 


mathematical cbtstallographt. 
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If auy one of the angles a, or 7 is given, as from the measurement of 
a prism or dome and a so any one of the angles of the octahedral edges A’ 
Y, or Z, a second of the former angles may be calculated, and from the 
two the axes are obtained as before. The formulas, derived from the 
6ame spherical triangles, are as follows : 


(1) Given X and a, 

X and ft, 
X and y, 

(2) Given Xand a, 

Y and/ 9 , 
3 T and 7, 

( 3 ) Given Z and a, 

Z and / 3 , 
Z and 7, 


sin ft = cot £X tan a. 
tan a = tan £X sin /9. 
cos ft — cot cot 7. 
sin 7 = cot £ A" cot a. 
cos 7 = cot £X cot ft. 
cot a = tan £ T sin 7. 
tan 7 = tan i Z cos a. 
cos a = cot £ Z tan 7. 
sin a = cot $ Z tan ft. 


Calculation of the values of m and n. 

The above formulas cover all the ordinary cases, the only change that i« 
* required in them is to write for c , b, a, in equations (IV (2), (3), above, c\ b', a\ 
the lengths of the axes for the given form, noting tnat c' = me, and so on. 

1. Prisms, i-n or i-h. As remarked, the semi-prismatic angle (over i-i) 
is the angle a (f. 254V and tan a = nb. If the calculated value of n is 
greater than unity, tne form is written go c : nb : a (i-n ) ; if less than unity, 
the form is written 00 c : b : na (i-h), b being the unit axis. Thus i - J 
(00 c : \b : a) becomes i 2 (qo c : b : 2 a). 

2. Domes , m-i and m-i. — No further exidanation is needed (f. 255) ; liero 
tan ft = me, or b tan 7 = me. 

3. Octahedrons , m. — Here the angle a is always known (it being the 
sameas for the unit-octahedron where tan a = b ), and hence a single meas- 
ured angle, X, Y , or Z will give the values of either ft or 7 for the given 
form, and tan ft = me, b tan 7 = me. 

4. Forms m-n or m-h. — The measurement of the angles X, Y, Z will 
give the values of a, ft, and 7 belongingto the given form, and tan ft = mo, 
tan a = nb, etc. 

Here, as in the prisms, if n is less than unity, when the axis d is the unit, 
the symbol is transposed, and the axis b made the unit, thus 2 c : %b : a (2 }) 
becomes 4 e : b : 2a (4-2). 

If the angle between the form m-h (or m-h) and either of the pinacoide 
can be measured, the method of calculation is essentially the same (Com- 
pare f. 248) ; for 

m-n A O (base) = supplement of the angle \Z ; 

m-n A i-i (macropinacoul) = supplement of the angle % Y ; and 

m-n A i-i (brachypinaooia) = supplement of the angle -£X. 

The method of calculation of planes in a rectangular zone by .means of 
the tangents of their supplement basal angles finds a wide application in 
this system . It applies not only to the main zones O to i-i (macrodomes), 
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O to i-i (brachydomes), i-i to i-i (vertical prisms), and I to 0 (nnit oclaho* 
drons), but also to any z.me of octahedrons m-n (or m-h) between O and t ft 
(or i-k) } and any transvei*se zone from i-i to rri-l, and i-i to m-i. 


25* 


V . Monoclinio System. 

In the Monoclinic system the number 
of unknown quantities is three, viz., the 
lengths of the axes c and J, expressed in 
terms of the unit clinodiagonal axis d , and 
the oblique angle ft (also called 6*), between 
the basal and vertical diametral sections, 
that is, between the axes c and d. Three 
independent measurements are needed to 
determine these crystallographic elements. 

The angle ft is obtuse in the upper front 
quadrants, and acute in the lower front 
quadrants; the planes in the first mentioned 
quadrants are distinguished from those be- 
low by the minus sign. The unit octahe- 
dron is made up of two hemi-octahedrons 
(—1 and 4- 1), as shown in f. 256. 

Calculation of the Lengths of the Axes, 
and the Angles of obliquity . 

Represent (see f. 256) the inclination of the 

Edge X on the axis c by p. X on d by v . Y on c by p. 

X “ “ c u p. X' on d by v\ Z on a by <r. 

For the relation of the axes in terms of these angles we have : 

(1) In the oblique-angled plane triangle, in the clinodiagonal section 

. . sin v , - 

a: c = sm u : sin v. or, c = •- — when a = 1. 

sm p 



A a sm ft 

tan p = 5. 

c — a cos ft 


, a sm ft 

tan p = — 5. 

c-b a cos ft 


tan v = 


c sin ft 
a — c cos ft ’ 


tan v = 


c sin ft 


. Q 2 sin u sin uf 
tan ft = —. f r 

sm ( p - p ) 

Further, p + v -f* ft = 180° 


tan ft = 


a + c cos ft 
2 sin v sin v f 


Bin (v — v) ' 
p’ + p = ft. 


(2) In the right-angled triangle of the orthodiagonal section, b cot p = A 
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( 8 ) In the basal section, d tan <r = b. 

The above formulas serve to determine the lengths of the axes, and the 
angle of obliquity, or, if these ai*e known, to determine the values cf m and 
n by substituting me for 0 , etc. 

The angles /x, v , p, <r, etc., must, in general, be determined by calculation 
from measured angles. 

Let the inclination of a plane in the positive quadrant on tho clinodi- 
agonal section be denoted by X; that on the orthodiagonal section by Y; 
that on the basal section by Z . Let also the corresponding inclinations of 
a plane in the negative quadrants be indicated by X, Y\ Z\ respectively 
(see f. 256). 

It is to be noted, when the pinacoids are present, that 

+ 1 A 0 = 180°— Z; 4- 1 A i-l = 180°— Y; +1 A i-l = 180°-X; 

- 1 A O = 180°-— Z ; - 1 A it = 1&0°- Y r ; — 1 A i-i = 180°— JT. 

The same is true for tho corresponding angles of the general form 
± m-n, or m-h. 

Also, when ± 1 (f. 256) alone are present (or ra-n) note that 

4 1 a 4 1 = 2X; — 1 A — 1 = 2X ; 4 1 A — 1 (orthodiag.)= 3^4 Y ; 

(basal) = Z+Z. 

Any three of these angles will serve to give for the unit form (± 1) the 
length and obliquity of the axes, or, when these are known, two of these 
angles are sufficient to deduce the values of m and n for any unknown 
form. 

In the first case, as one of the three measured angles must be either 
Y + Y f or Z 4 Z\ the formulas given above do not immediately apply. 

For example, if X , X' and 74F are given. Placing a spherical 
triangle, abc , in f. 256, with its vertices on the edges X ai »d Y> 
in this the three angles will equal X , X and Y+Y respectively; here 
the side, ac , opposite the angle ( l r 4 Y'\ is calculated, which gives the value 
of /x 4 fi\ also the side, be, opposite X'; then, again, in the right-angled 
spherical triangle, where be and X are known, /x is obtained, thus p! is 
known and also ft. The lengths of the axes follow from the formulas 
given above. 

The following are some of the cases which may occur: 

(a) Given O , and i-i. O A i-i (front) = 180°— ft, behind = ft. 

(b) Given 0, — 1-i, and 4 1-i. O A — 1-i = 180° — v f ; O A 4 1-i = 180° 

— v . By the formula given above, tan ft = also, /ex = 180 r 

— (£4 v). Thus ft, (i , and v are known, and from them the relation of the 
axes d and 0 is deduced. 

( 0 ) Given i-i, — 1-i and 4 1-i. i-i A — 1-i = 180°— /tx',i-iA 4 1-i = ISO® 

—/a As before, tan ft = - j 1 6 — - ff . , and v = 180°— {ft 4 /*)• 

9 sm (/x — p.) ’ ^ ' 
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(d) Given the prism I and 0 (f. 257). In the spherical triangle ABG 0 
C = 90° (inclination of base on cli lodiagonal section), B = 0 A I, A = 
!(/ A /). Hence, the sides CA and CB are calculated ; CA = £ (or, as 
in this case, 180°— ft) ; CB = cr, which gives the ratio 
of the lateral axes, d and 

(c) Given i 1-i and 0. Ohi-i (behind) = yff, and 
sin ft tan [(6 *a1-i) — DO 0 ] = tan p. 

(/*) Given + 1 and — 1, form as in f. 256. The 
angles between the planes + 1 and — 1 and the diame- 
tral sections are indicated bv the letters X , Y, etc., as 
before explained (p. 77). The relations between these 
angles and the angles p,, v, p, etc., are given in the fol- 
lowing formulas, deduced by means of spherical triangles: 



cos Y 



cos 

T 

COR X 


cos p — 

6111 X’ 

COS 

p' — 

sill 

A C' 

cos p = 


cos Z 



COR 

Z’ 

cos X 

cos X 

C08 V = — 

8111 X 

cos 

V — 

sin 

2C” 

cos cr — r — T . = 
8111 Z 

sin Z ' 


also, 

, -r^ tan a tan p . tan cr tan p 

tan X — = - — tan X = ■, - — S. 

Sill V Sill fJL 7 sin v' Sill ft 


A XTr tan p! „ tan v 

j tan I = ~r — - , tan Z = . — , tan Z = 



Bill p 


sin a 


tan »/ 
sin cr* 


(p) Given the prism I and — 1 (or + 1). The angles 
/A /, — 1a/,— lA — 1 are measured. In the spherical 
triangle ABD (f. 258), the angle A = HI A /), B = — 
1 A f D = 4(— 1 A —1) = X , from which the sides AD 
= v' 4 * (180° y3) and are calculated. Then in the 

second triangle, ABC \ C = 90°, AB is known, also A ; 
ence, 6 r .Z? = cr and C4 = 180° — ft are calculated. Thus 
and p! and ft become known, and the relation of a to 
<5 ; also from cr follows the ratio of a to i. 


Calculation of the values of m and n. 

In general, it may be said that the methods of calculation are the same 
as those already given. In each case the values of /i, i/, p, cr are to be 
obtained, and those introduced into the axial equations (1, 2, 3) given 
above give the values of mc y nh , etc., from which m, and n are derived. 
When ni the general form ra-n (me :nb : a) n is found to be less than 
unity, then b is made the unit axis and the form is written tn-h (me : 
b : na\ thus 2c : $b : a becomes 4c? : b : 2a (4-$), the same is true for i-n 
and trn» 

1. Hemi-octahedrons, ± ra-n.- -Two measurements are needed, giving 
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two of the angles X, 7 \ Z , etc., from which are derived p (or v ), p (or o\ 
and from the proper formulas m and n. 

The following hemi-octahedrons require one measurement only : ± w, 
± m-m, ± mrih, ± bn, ± 1-n. Further, it is to be noted in regard to 
them that the forms ± m have the same ratio of the lateral axes as ± 1, 
that is, the same value of <r. 

Forms ± bn , and ± m-m, have the same ratio of the axes £ and d as the 
unit form ± 1, that is, the same values of /a, v (ji’> v'). 

Forms ± m-m , ± 1 -h, have the same ratio of the axe9 £ and b with 
± 1, that is, the same value of p . 

2. Form i-n (or i-h\ — If, as before, X, 7 represent the inclinations of 
the given prism on the elinodiagonal and orthodiagonal sections respect- 
ively, it is to be noted that : 


X + 7 = 90°. 

Similarly to f. 257, we obtain, in general, for any form, i-n, 


n 


sin B tan X , - . * b cot X 

= ; and for i-n, n = — ; — pr-. 

0 sin p 


Since i-i A i-l = 90°, the tangent law can be applied in this zone advan- 
tageously. If X 1 , 7 l are the corresponding angles for the unit prism 7, 
then for i-n, 


n = 


tan X tan 7 1 


tan X 1 tan 7 


sir?! = iST'’ “ d for •*> " = tsnr = 50^ 


3. Forms ± m-i , hemi-orthodomes. — For each form the corresponding 
values of / 1 , v (ji\ v) are to be obtained by measurement or else calculated^ 
and from them the value of me obtained from the formulas (1), mo = 


. 1 ■ , CIU, 

sm p 

4. Forms m-i, cl i nodomes. — Similarly as with the prisms, when X and 
Z denote the angles with the elinodiagonal and basal sections, 

X + Z = 90°. 

For any form m-i, 

b cotX 
m = — : — s, 
o sin p 1 

Or by the tangent law, X 1 being the corresponding angle for l-l, 

tan X 1 
m ~taiTX- 
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Triclenio System, 


Tlie triclinic system is characterized by its entire want of symmetry, 
The inclinations of all the diametral planes, and hence, the inclination oi 
the axes, are oblique to one another. There are, then, five unknown quan- 
tities to be determined in each case, viz., the three angles of obliquity of 
the axes, and the lengths of the axes l and c, d being made = 1. 

The axes are lettered as in the orthorhombic system : c = the vertical 
axis, l =s the macrodiagonaLaxis, and d = the brachydiagonal axis. 

Xefc (f. 259) a = angle between the axes c and 

/8 = angle between the axes c and d ; 
t y = angle between the axes b and d . 

iX Also, let A = angle of inclination of the diame- 

j \ tral planes meeting in the axis d\ B = angle of 

/ i : \ inclination for those intersecting in the axis b y and 

/ \ O = the angle of those meeting in c. 

/ \ The macrodiagonal (; m-n ) and brachydiagonal 

/ \ (m-ti) planes are indicated as in the orthorhombic. 

L f \ system, also the planes opposite the acute angle* 

W are called +, and those opposite the corre- 
. . sponding obtuse angle — ; furthermore, the planes 

m front, to the right (and behind, to the left) are distinguished by an accent, 
as m-n\ 

In the fundamental octahedron formed by four sets of planes, these are 
taken in the usual order (f. 227), - 1', - 1, +1', + 1, and below, + V, 
+}, ~ ^ , !• _ 

In the determination of any individual crystal belonging to this system 
the axial directions as well as unit values have to be assumed arbitrarily • 
in many cases {e.g., axinite) the custom of different, authors has varied 
much. Two points are to be considered in making the choice: 1, the cor- 
respondence in form with related spe. :es, even if these be not triclinic as 
for example, in the feldspar family ; and 2, the ease of calculation, which 
is much facilitated if, of the planes chosen as fundamental, the pinacoide 
are all, or at least in part, present 

In general, the methods of calculation are not simple. Some of the 
most important relations are given hero (from Nauinann). In actual 
practice, problems which arise may be solved by some of the following 
formulas, or by means of a series of appropriate spherical triangles, used 
as in the preceding pages, and by which, from the measured angles, the 
required elements of the forms may be obtained. 

In addition to the angles already defined, let, as follows (f. 259), 

inclination of a plane on the brachydiagonal section ; 


macrodiagonal 

basal 


Let the inclination of the edge, 

X on c = /*, T on c = 

X on d = p } Y on l =s w. 


Z on d ?= a*, 
Z on b =: r, 
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Wlien the three pinacoids are present, die angles A, 2?, O are given by 
aieasurcment. These angles are connected with the axial angles by the 
following equations : 


cos A -f cos £ cos O m 
sin B sin O * 


cos 0 = 


COB B + COS C C 08 A 
sin O sin A 


cos V 4* cos A cos B 

COS 7 = : 1 — : r> ; 

sin A sm B 


sin a : sin 0 : sin 7 = sin A : sin B : sin C. 

The relations between the angles a, 0 9 7, and the angles p, p } etc., are as 
follows : 

2 sin p sin p 2 sin 7 r sin 7r' 

tan a = — : - ?- = . - . , r . 

Sill — P ) Sill (7T — 7T ) 

• ^ 2 sin p sin p' 2 sin 1/ sin 1/ 

tail 0 = — ;7- = 7 77” • 

sm (p — p ) sm (v — v ) 

2 sin t sin r' 2 sin a sin cr' 

tan 7 = — — r - = . . 

sm (t — t ) sm (<r — a) 


a + ir + p — 0 + fi + p — 7 4- cr 4 * t = 180°. 


The relations between X y Y. Z* and A y B , 6 r , and p, v , etc., are given 
by the following formulas, in which the sum and difference of X and } r , 
etc., are calculated, and from them the angles X 9 Y , etc., themselves are 
obtained : 


tan £(X *4- Jf ) co t O 


cos i(p — fi) 

COS {(p + fJL) 


tan i(X — Y) = cot $C 

tan i(X+ Z) = cot \A 
tan i(X— Z) = cot \A 

tan 4- Z ) = cot . 

tan — Z) = cot \B , 


sin 

j(p 


/*) 

sin 


4- 

/O' 

cos 

£0 

— 

0 

cos 

i(<r 

hP 

»)* 

sin 

i(<r 

— 

*> 

sin 


4 


cos 

Ur 

— 

*■) 

cos 

i( T 

T 

*■)* 

sin 

1 /_ 

— 

£} 
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COB /* = 


COB p = 


cos Y + c os X cos 0 
sin X sin C 9 

cos X + cos Y cos C 
sin Y sin C 9 


cos v = 


COS 7T 


cos Z -f cos X C03 A 
sin X sin A 

cos Z - f cos Y cos B 


cos X + cos Z cos A 
COS a = : rT-- A 1 cos T = 


sin Y sin B 
cos Y+ cos Z cos B 


sin Z sin A 


sin Z sin B 


Further, 


sin X : sin Y = sin p sin fi. 

sin Y : sin Z = sin r sin? r. 

6 in Z : sin X = sin v sin cr. 


The following equations give the relations of the angles fi, v } p, etc to 
the axes and axial angles : 


. r- , c sin ft 

tan a = -5 ; tan v — 

c — a cos p a — c cos p 


_ a sin fi 
— a cos , 

b sin a 


tan p = j ; 

r c— b cos a 


tan 7 r = 


c sin a 
b — c cos a 


tan r = 


a sin 7 
a cos 7 5 


tan a = 


•sin > 


a - 


4 cos 7 ’ 


Also, 


5 or any form m-n , 


sin r sin <r = 4 : 
Bin p sin 7 r = 4 : <$, 
sin i/ sin p, = c : d. 


m-n Ai-i = 180°— Y ; m-n A ~ J 80°— X ; ra-n A O = 180 Q — Z. 


For a vertical hemiprism, X-f- Y + (7 = 180°, 

<1 : £ = sin y . sin a : sin X : sin 


For a macrodiagonal hemidome, Y+Z + B = 180°, 
d : 4 = sin Y. sin a : sin Z . sin 7 . 

For a brachydiagonal hemidome, X+Z +A = 180°, 

2 : <5 = sin X sin /S : sin Z sin 7 . 

By writing me for c, ni for 4, etc., these formulas will answer also for 
the determination of m and n. It is supposed in the above that the 
measured edge is parallel to the axis of the given henuprism, etc. ; when 
this is not the case the relations are a little less simple. 
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Measurement of the Angles of Crystals,* 

The angles of crystals are measured by means of instruments which aie 
called goniometers . 

The simplest form of these instruments is the hand-goniometer, repre- 
sented in f. 260. It consists of an arc, graduated to halt degrees, or finer, 


260 



and two movable arms. In the instrument figured, one of the arms, ao, 
has the motion forward and backward by means of slits gh, ik ; the; other 
arm, erf, has also a similar slit, and in addition it turns around the centre of 
the arc as an axis. The planes whose inclination is to be measured are 
applied between the arms an , go , and the latter adjusted so that they and 
the surfaces of the planes are in close contact. This adjustment, must be 
made with care, and when the instrument is held up to the light none must 
pass through between the arm and the plane. The number of degrees read 
off on the arc between k and the left edge of rf (this edge being in the line 
of the centre, o , of the arc) is the angle required. The motion to and fro by 
means of the slits is for the sake of convenience in measuring small or 
imbedded crystals. In a much better form of the instrument the arms are 
wholly separated from the arc ; and the arc is a delicately graduated circle 
to which the arms are adjusted after the measurement. 

The hand-goniometer is useful in the case of large crystals, and those 
whose faces are not well polished ; the measurements with it, however, are 
seldom within a quarter of a degree of accuracy. In the finest specimens 
of crystals, where the planes are smooth and lustrous, results far more 
accurate may be obtained by means of a different instrument, called the 
reflecting goniometer. 

Reflecting Goniometer . — This instrument was devised by Wollaston, in 
1809, but it has been much improved in its various parts since his time, 
especially by Mitscherlich. The principle on which it is constructed may 
be understood by reference to the following figure (f. 261), which repre 
•r.uts a crystal, whose angle, is required. 

The eye at P, looking at the face of the crystal, be, observes a reflected 
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image oi m, in the direction of Pn . The crystal may now be so changed in 
its position, that the same image is seen reflected by 
261 the next face and in the same direction, Pn % To 

effect this, the crystal must be turned around, until 
"N. / p has the present direction of be. The angle dJc, 
measures, therefore, the number of degrees through 
mKM which the ciystal must be turned. But abc , subtracted 

from 180 °, equals the required angle of the crystal, 
abc . The crystal is, therefore, passed in its revolution 
through an angle which is the supplement of the required angle. This 



angle evidently may be measured by attaching the ciystal to a graduated 
circio, which should turn with the crystal. 

The accompanying cut (f. 262 ) represents a reflecting goniometer made 
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bv Oertling, in Berlin. It will suffice to make clear the general character 
of the instrument, as well as to exhibit some of the refinements added for 
the sake of greater exactness. 

The circle, C y , is graduated, in this case, to twenty minutes, and by means 
of the vernier at v the readings may be made to minutes and half min- 
utes. The crystal is attached by means of wax to the little plate at 
this may be removed for convenience, but in its final position it is. jus here, 
at the extremity of the axis of the instrument. This axis is moved by 
means of the wheel, n ; the graduated circle is moved by the wheel, m* 
These motions are so arranged that the motion of n is independent, its axis 
being within the other, while on the other hand the revolution of m moves 
both the circle and the axis to which the crystal is attached. This ar- 
rangement is essential for convenience in the use of the instrument, as 
will be seen in the course of the following explanation. 

The screws, c, d , are for the adjustment of the crystal, and the slides, 
a, b % serve to centre it. 

The method of procedure is briefly as follows : The crystal is attached 
by means of suitable wax at k, and adjusted so that the direction of the 
combination-edge of the two planes to be measured coincides with the axis 
# of the instrument ; the wheel, n, is turned until an object (<'.(/., a window- 
bar) reflected in one plane is seen to coincide with another object not 
reflected (tf.y., a chalk line on the floor), the position of the graduated circle 
is observed, and then both crystal and circle revolved together by means 
of the wheel, tti , till the same reflected object now seen in the .second plane 
again coincides with the fixed object (that is, the chalk line); the angle 
through which the circle has been moved, as read off by means of the 
vernier, is the supplement angle between the two planes. 

In order to secure accuracy, several conditions must be fulfilled, of 
which the following are the most important: 

1. The position of the eye of the observer must remain perfectly 
stationary. 

2. The object reflected and that with which it is brought in coincidence, 
should be at an equal distance from the instrument, and this distance 
Bhould not be too small. 

3. The crystal must be accurately adjusted ; this is so when the line 
seen reflected in the case of each plane and that seen directly with which 
it is in coincidence arc horizontal and parallel. It can he true only when 
the intersection edge of the two planes measured is exactly in the direction 
of the axis of the instrument, and perpendicular to the plane of the circle. 

4. The crystal must be centered as nearly as possible, or, in other words, 
the same intersection -edge must coincide with a line drawn through the re- 
volving axis. This condition will be seen to be distinct from the preced- 
ing, which required only that the two directions should be the same. The 
error arising when this condition is not satisfied diminishes as the object 
reflected is removed farther from the instrument, and becomes zero if the 
object is at an infinite distance. 

The first and second conditions are both satisfactorily fulfilled by 
the use of a telescope, as t 9 f. 262, with slight magnifying power. This 
is arranged for parallel light, and provided with spider lines in its 
focus. it admits also of some adjustments, as seen in the figure, but 
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when nsed it must be directed exactly toward the axis of the goniometer. 
This telescope has also a little magnifying glass (g, f. 262 ) attached to it, 
f which allows of the crystal itself being seen when mounted at h. This 
> v latter is used for the nrst adjustments of both planes, and then slipped 
* aside, when some distant object which has been selected must be seen 
in the field of the telescope as reflected, first by the one plane and 
then by the other as the wheel n is revolved. When the final adjustments 
have been made so that in each case the object coincides with the centre of 
the spider-cross of the telescope, and when further the edge to be measured 
has been centered, the crystal is ready for measurement. 

This telescope, obviously, can be used only when the plane is smooth and 
large enough to give distinct and brilliant reflections. In many cases 
sufficient accuracy is obtained without it by the use of a window-bar and 
a white chalk line on the floor below for the two objects ; the instrument in 
this case is placed at the opposite end of the room, with its axis parallel to 
the window ; the eye is brought very close to the crystal and held motionless 
during the measurement. 

The best instruments are provided with two telescopes. The second 
stands opposite the telescope, t (see figure), the centres of both telescopes 
being in the same plane perpendicular to the axis of the instrument. 
This second telescope has also a hair cross in the focus, and this, when 
illuminated by a brilliant gas burner (the rest of the instrument being 
protected from the light by a screen) will be reflected in the successive 
faces of the crystal. The reflected cross is brought in coincidence with the 
ennss in the first telescope, first for one and then for the other plane. As 
the lines are delicate, and as exact coincidence can take place only 
after perfect adjustment, it is evident that a high degree of accuracy is 
possible. 

Still more than before, however, are well-polished crystals required, so 
that in the majority of cases the use of the ordinary double telescopes is 
impossible. Very often , however, the second telescope may be advantage- 

ously replaced by another having an adjustable slit in its focus , as proposed 
by Webskv, allowing of being made as narrow as is convenient ; or, as sug- 
gested by Schrauf, the spider-lines of the second telescope may be re- 
placed by a piece of tin-foil, in which two fine cross lines nave been cut; 
these are illuminated by a gas-burner. By these methods the reflected 
object is a bright line or cross, instead of the dark spider-lines, and it is 
visible in the first telescope even when the planes are extremely minute, 
or, on the other hand, somewhat rough and uneven ; the image is naturally 
not perfectly distinct, but sufficiently so to admit, of good measurements 
(e.g.i within two or three minutes). 

The third and fourth conditions are the most difficult to fulfil absolutely. 

In the cheaper instruments the contrivance to accomplish the end often 
consists of a jointed arm so placed as to have two independent motions at 
right, angles to each other. In the best instruments the greatest care and 
attention is paid to this point, and a great variety of ingenious contri vances 
have been devised to overcome the various practical difficulties arising. 

The cut (f. 262 ) shows one of these in its simpler form. The crystal it 
approximately adjusted by the hand, and then the operation completed by 
means of the screws e and d. These give two motions at right angles tc 
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each other, and the arrangement is snch that the motions are made on the 
surface of a spherical segment of which the crystal itself occupies the 
centre, so that it is not thrown entirely out of the axis of the instrument 
by the motions of the screws. The adjustment having been accurately 
made, the edge is centered by means of two sliding carnages, 0 , 5, moving 
at right angles to each other ; here they are moved by hand, but in better 
instruments by line screws. The edge must be first centered as carefully as 
practicable, then the complete adjustments made, and finally again centered, 
as before, to remove the exeentricity caused by the movement of the ad- 
justment screws. The successful use of the most elaborate instruments is 
only to be attained after much patient practice. 

'theoretical discussions of the various errors arising in measurements and 
the weight to be attached to them have been given by Kuppfcr (Preis- 
schrift fiber genaue Messung der Winkel an Krystallen, 1825), also by 
Naumann, Grailich, Schrauf, and others (see literature, p. iv). 

It has been stated that when the two planes have been adjusted in the 
goniometer so that their combination-edge is parallel to the axis of the 
instrument, the reflections given by them will be parallel. It is evident 
from this that any other planes on the crystal which are in the same zone 
,with the two mentioned planes will also give, as the circle is revolved, 
reflections parallel to these. This means gives the test referred to on 
p. 53, leading on the one hand to the discovery of zones not indicated by 
parallel intersections, and on the other hand showing, in regard to supposed 
zones, whether they are so in fact- or not. 


The degree of accuracy and constancy in the angles of crystals as they are given by nature 
is an important subject. Crystallography as a science is based upon the assumption that the 
forms made by nature are perfectly accurate, and whenever exact measurements are possible, 
supposing the crystals to have been free from disturbing influences, it has boon found that 
this assumption is warranted by the facts; in other words, the more accurate the measure- 
ments th ‘ more closely do the angles obtained agree with those required by theory. An 
example may illustrate this ; — On a crystal of sphalerite (zinc blende), from the Uinneuthal , 
exact measurements were made by Kokscbarow to test the point in question. He found for 
the angle of the tetrahedron 70 J ill' 48", required 70 J 81 44" ; for the octahedral angle 
109 * 27 42", required 109° 28 10"; and for the angle between the tetrahedron and cube 
125° 15' 52", required 125° 15' 52". The crystallographic works of the same author, as well 
as those of m.»ny other workers in the samn field, contain many illustrations on the same 
subject. At the same time variations in angle do occasionally occur, from a change in 
chemical composition, and from various disturbing causes, such as heat and pressure (see 
further, p. 107). Further than this, it is universally true that exact measurements are in 
comparatively few cases possible. Many crystals are large and rough, and admit of only 
approximate results with the hAnd goniometer; others have faces which are more or less 
polished, but which give uncertain reflections. This is due in some cases to striations, in 
others to the fact that the surfaces are curved or more or less covered with markings or 
etchings, like those common on the pyramidal planes of quartz. In all such cases there is a 
greater or less discrepancy between the measured and calculated angles. 

The important point to be noted always is the degree of accuracy attainably or, in other 
words, the probable error. The true result to be accepted is always to be obtained by the 
discussion of all the measurements in accordance with the methods of least squares. This 
method involves considerable labor, and in most cases it is sufficient to take the arithmetical 
mean, noting what degree of weight is to be attached to each measurement It is to be noted 
that where measurements vary largely the probable error in the mean accepted will be con- 
siderable ; moreover an approximate measurement may not be the more accurate because it 
happens to agree closely with the theoretical angle. 

For the determination of the symbols of planes, measurement accurate within 30', or even 
1°, are generally sufficient. 

When planes are rough and destitute of lustre the angles can best be obtained with thf 
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reflecting goniometer, the reflections of the light from an object like a candle-flame, being 
token in place of more distinct images. 

For imbedded crystals, and often in other cases, measurements may he very advantage* 
ously made from impressions in some material, like sealing-wax. Angles thus obtained ought 
to be accurate within one degree, and suffice for many purposes. It is sometimes of advan- 
tage to attach to the planes to be measured, when quite rough, fragments of thin glass, from 
which reflections can be obtained ; this must, however, be done with care, to avoid consider- 
able error. 


COMPOUND, OR TWIN CRYSTALS. 


Twin crystals arc those in which one or more parts regularly a rr ranged 
are in reverse position with reference to the other part or parts. They 
often appear externally to consist of two or more crystals symmetrically 
united, and sometimes have the form of a cross or star. They also exhibit 
the composition in the reversed arrangement of part of the planes, in the 
stria) of the surface, and in re-entering angles ; in other cases the compound 
struct lire is detected only by polarized light. The following figures are 
examples of the simpler kinds. Fig. 263 is a twinned octahedron with 
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re-entering angles. Fig. 263a represents the regular octahedron divided 
into two halves hv a plane parallel to an octahedral face ; the revolving of 
the upper half around 1S0° produces the twinned form. Fig. 264 consists 
of a square prism, with pyramidal terminations, twinned parallel to a 
diagonal plane between opposite solid angles, as illustrated in f. 264a, 
a representation of the simple form. A revolution of one of the two 
halves of f. 264a 180° about an axis at right angles to the diagonal plane 
outlined in the figure, would produce the form in fig. 264. 

Crystals which occupy parallel positions with reference to each other, 
that is, those whose similar axes and planes are parallel, are not properly 
called twins ; the term is applied only where the crystals are united in their 
reversed position in accordance with some deducible mathematical law. In 
conceiving of them we imagine first the two individuals or portions of the 
same individual to be in a parallel position, and then a revolution of 180° 
to take place about a certain line, as axis, which will bring them into the 
twinning position. 

An exception to the principle in regard to parallel axes is afforded in the case of hemihe* 
dral crystals, in some of which a revolution of 180° has the effect of producing an apparently 
holohedral form, the axes of the parts revolved remaining parallel. 
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In some cases ( t\g .. hexagonal forms), a revolution of 00° would produce the twinned 
form, but in treating of the subject it is better to make the uniform assumption of a revolu- 
tion of itH) \ which will answer in all oases. 

It is not. to be supposed that twins have actually been formed by such a revolution of the 
parts of crystals, for the twin is the result of regular molecular growth or enlargement, like 
that of the simple, crystal. This reference to a revolution, ami an axis of vu'uLnliun, is only 
a convenient means of describing the forms, llut while this is true, it is important to ob- 
serve that the laws deduced to explain the twinning of a crystal have, from a molecular 
standpoint, a real existence. The measurements ot Sohrauf on twins of cerussito (Tsoh. 
Min. Mittii., 2(Ml) show the complete oorresfondenee between the actual angles and 
those required in accordance with the law of twinning. 

Twinning axis . — The line or axis about which the revolution of 1S0° is 
supposed to take place is called the twinning-axis (Zwillingsaxe, Germ .), 
or axis of revolution. 

The following law has been deduced in regard to this axis, upon which 
the theory of the whole subject depends : 

The twinning axis is always a possible crystallographic line, usually 
either an axis or a normal to some possible crystalline plane. 

T winning-plane . — The plane normal to the axis of revolution is called 
the twinning-plane (Zwillingstliiche, Germ.). The axis and plane of twin- 
ning hear the same relation to both individuals in their reversed position ; 
•consequently (except in some of hemihedral and tricliuic iorms) the twin- 
ned crystals are symmetrical with reference to the twinning-plane. 

Composition-] fane. — The plane by which the reversed crystals are united 
as the com posit ion -plane or -face (ZiisammensetzungsfUiche, Germ.). This 
and the twinning-plane very commonly coincide ; this is true of the simple 
examples given above (f. 26*3, 264) where the plane about which the revolu- 
tion is conceived as having taken place (normal to the twinning axis), and 
the plane by which the semi-individuals are united, are identical. When 
not coinciding the two planes are generally at right angles to each other, 
that is, the composition face is parallel to the axis of revolution. Examples 
of this are given beyond (p. 99). Still again, where the crystals are not 
regularly developed, and where they interpenetrate, and, as it were, exer- 
cise a disturbing influence upon each other, the contact surface may he 
interrupted, or may be exceedingly irregular. In such cases the axis and 
plane <>f twinning have, as always, a detinite position, but the composition- 
race has lost its signitican.ee 

Thus in quartz the interpenetrating parts have 
often no rectilinear boundary, but mingle in the most 
irregular manner throughout the mass, and showing 
this composite irregularity by abrupt variations of the 
planes at the surface. Fig. 265 exhibits hy its shaded 
part the parts of the plane — 1 that appear over the 
surface of the plane /if, owing to the interior composi- 
tion. This internal structure of quartz, found in almost 
all quartz crystals, even the common kinds, is well 
brought out by means of polarized light; also, by 
etching with hydrofluoric acid, the plane — 1 and It 
becoming etched unequally on the same amount of 
exposure to the acid. 

The twinning-plane is, with rare exceptions, a pos- 
sible occurring plane on the given species, and usually one of the mors 
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tinct line on some of the faces marks the division between the twc 
individuals. 

Penetration-twin* are those in which two or more complete crystals 
interpenetrate, as it were crossing through each other. Normally, tie 
crystals have a common centre, which is the centre of the axial system fo* 
both; practically, however, as in contact-twins, great irregularities occur. 
Examples of these twins are 

r 'ven in the annexed figures, 266 967 

266, of fluorite, and f. 267, of 
hematite. Other examples occur 

in the pages following, as, for f10y o flffk \ / VmNw 

instance, of the species stauroli to, 
f . 309 to 312, the crystals of which 

sometimes occur in nature with / v 

almost the perfect symmetry de- X W y 

ous that the distinction between tt 

contact and penetration-twins is norite. Hematite. 

not a very important one, and the line cannot always be clearly drawn 
between them. 

Paragenic and Metagenic twins . — The distinction of paragenic and 
metagenic twins belongs rather to crystallogeny than crystallography. Yet 
the forms are often so obviously distinct that a brief notice of the dis- 
tinction is important. 

' In ordinary twins, the compound structure had its beginning in a nneleal 
compound molecule, or was compound in its very origin ; and whatever 
inequalities in the result, these are only irregularities in the development 
from siwh a nucleus. But in others , the crystal was at first simple ; and 
afterwards , through some change in itself or in the condition of the mate- 
rial supplied for its increase , received now layers , or a continuation , in a 
reversed position. This inode of twinning is metagenic^ or a result subse- 
quent to the origin of the crystal ; while the ordinary 
mode is , paragenic. One form of it is illustrated in 268 

f. 268. The middle portion had attained a length 
of half an inch or more, and then became genicu- 
lated simultaneously at either extremity. These 
genicu lations are often repeated in rutile, and the 
ends of the crystal are thus bent into one another, and 
occasionally produce nearly regular prismatic forms. , , 

This metagenic twinning is sometimes presented 1 * 

by the successive layers of deposition in a crystal, 
as in some quartz crystals, especially amethyst, the 
inseparable layers, exceedingly thin, being of oppo- 
site kinds. So calcite crystals are sometimes made 
up of twinned layers, which are due to an oscillatory Rutile, 

process of twinning attending the progress of the 

crystal. In a similar manner, crystals of the triclinic feldspars, albifce, 
etc., are often made up of thin plates parallel to i-i, by oscillatory compo- 
sition, and the face 0 , accordingly, is finely striated parallel to the eug« 

O A iri. W 
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Repeated twinning . — In the preceding paragraph one case of repeated 
1 winning has been mentioned, that of the feldspars ; it is a case of parallel 
repetition or parallel grouping of the successive crystals. Another kind is 
that which is illustrated by f. 21)5, 297, 311, where the successively 
reversed individuals are not parallel. In this case the axes may, however, 
lie in a zone, as the prismatic twins of aragonite, or they may be inclined 
to each other, as in f. 311, of staurolite. In all such cases where the repeti- 
tion of the twinning tends to produce circular forms, as f. 281, of rutile, the 
number of individuals is equal to the number of times the angle between 
the two axial systems is contained in 360°. For example, five-fold twins 
occur in the tetrahedrons of gold and sphalerite, since 5 x 70° 32' (the tetra- 
hedral angle) = 360° (approx.). A compound crystal, when there are three 
individuals, is called a Trilling (Drilling, Germ.), where there are four 
individuals, a Fowling (Yielding, Germ.), etc. (See also on p. 186.) 

Compound crystals in which twinning exists in accordance with two laws 
at once are of rare occurrence; an excellent example is afforded by stauro- 
lite, f. 312. They have also been observed on al bite (f. 333), orthoclase, 
chalcocite, and in other less distinct cases. 


Emmples of different methods of Twinning * 

Isometric System. — With few exceptions the twins of this system are ol 
one kind, the twinning axis an octahedral axis, and the twinning plane 
consequently an octahedral plane / in most cases also the latter coincides 
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Galenite. Sphalerite. Galenite. 


with the composition-face. Fig. 263 allows this kind as applied to the 
simple octahedron, it is especially common with the spinel group of min- 
erals ; similarly, f. 269. a more complex form, and also, f. 270, a dodeca- 
hedron twinned ; all these are contact twins. Fig. 271 is a penetration 
twin following the same law ; the twinning being repeated, and the form 
flattened parallel to an octahedral face. Fig. 266, p. 91, shows a twin of 


A oomplefce enumeration of the different methods of twinning obserred under the differ- 
ent systems, with detailed descriptions and many figures, wilJ be found in VoJ II of Bum o 
Sndobeoks Crystallography (Angewandte Kryst&Uograpbie, 284 pp. t 8ro, Berlin ' 1870) 


TWIN CRYSTALS. 


93 


fluorite, two interpenetrating cubes ; f. 272 exhibits a dodecahedral twin 
of sodalite occurring in nature of almost ideal symmetry, and f. 273 is a 
tetrahedral twin of the species tetrahedrite ; the same law is true for all. 
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Sodalite. Tetrahedrite. Haiiynitn. 


Figs. 274, 275, 276, arc twins whose axes are parallel; these forms are 
possible only with hernihedral crystals. The twinning axis iB here a dode- 
cahedral axis and the twinning plane a dodecahedral plane. The same 
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Pyrite. Magnetite. 


method of composition is often seen in dendritic crystallizations of native 
gold and copper, in which the angle of divergence of the branches is 60° 
and 120°, the interfacial angles of a dodecahedron. The brownish-black 
mineral in the mica from Pennsbury, Pa., is magnetite in this form (f. 277), 
as first observed by G. J. Brush. 

Tetragonal System. — The most common method is that where the twin- 
ning-plane is parallel to 14. It is especially characteristic of rutile and 
cassiterite. This is illustrated in f. 264 and similarly in f. 278. Fig. 268 
shows a similar twin of rutile, and in f. 281 to 283 the twinning according 
to this law is repeated. In f. 28 i the vertical axes of the successive six 
individuals lie in a plane, and an enclosed circle is the result ; in f- 282 the 
successive vertical axes form a zig-zag line ; there are heie four individuals, 
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*dd four more behind, the last (VIII) uniting with the first (I), and let it 
be developed vertically, and .the complex form produced results in the 
Icftl^flohecu^tt twin of f. 283. In chalcopyrite, the octahedron 1* which iff 


278 SWff 
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very near a regular octahedron in angle, may be the twinning-plane, and 
forms are thus produced very similar to f. 263. With hemihearal forms 
twinning may take place as shown in f. 280, where the axis of revolution 


281 282 




k a diagonal axis, and the plane of twinning the prism I It is not always 
indicated by a re-entering angle , but is sometimes only shown by me 
oblique striations in two directions meeting in the line of contact. 

283 284 




Another mode of twinning is that occurring in leucite, observed by vom 
Bath, who showed the species to be tetragonal. The twinning-plane is here 
%i. (Jalirb. Min., 1873, 113.) 
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Ii**Aoo NAL Systkm. — I n the holohedral division of this Bystem twins ara 
rare. An example is furnished by pyrrhotite, f. 284, where the twinning, 
plane is the pyramid 1, the vertical axes of the individual crystals being 
nearly at right angles to each other (0 A 1 = 135° 8 1 ). Another example 
is tridymite * (see p. 288), where the twinning-plane is either the pyramid. 
) or*. 


tti 



Caloite. 


286 287 




% In the species of the rhombohedral division twins are numerous; the 
ordinary methods are the following: the twinning-plane the rhoinbohe- 
dron /?, f. 285 ; the rhombohedron —2/?, f. 288 ; the rliorribohcdron — 
f. 286. The last mentioned method is common in masses of calcite, where by 
its frequent repetition it gives rise to thin lamellae; these are observed 
often in crystalline limestones. (See p. 173.) 



The twinning-plane may also be the basal plane, the axis of revolution 
consequently the vertical axis. This is illustrated in f. 287, a complex 
penetration twin of chabazite, also f. 267 (hematite), and in f. 283, 290. 
It is also common with quartz, the two crystals sometimes distinct, and 
joined by a prismatic plane, sometimes interpenetrating each other very 
irregularly, as shown in f. 265. 


G. rom Bath, Pogg. Ann., axxxv. 487 ; diL 1* 
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Orthorhombic System. — In the orthorhombic system twins are exceed 
ingly common, and the variety *>f methods is very great. These may, how 
ev6r, be brought into two groups, according as the twinning-plane is (1) a 
prismatic plane, vertical or horizontal, or (2) an octahedral plane. The 
twinning is very often repeated, and always in accordance with the law 
already stated, that the number of individuals is determined by the number 
of times that the angle of the two axial systems is contained in 300° 

(a) Twinning parallel to a prism whose angle is approximately 120°. 

1. Priam vertical . — The principal examples are aragonite, / A / = 116° 
10'; cerussite, 1 A I = 117° 13'; witherite, I A / = 118° 30'; bromlite, 
/ A 1 = 118° 50' ; ehalcocite, I A 1 — 119° 35' ; stephanite, 7 A I = 115° 
39'; dysorasite, IaI = 119° 59'. Figs. 291, 292, represent twins of ara- 
gonite in accordance with this law. Figs. 293, 294, show cross-sections of 
the two prisms of the preceding figures, in the latter the form is hexagonal, 
though not regularly so. Fig. 295 is a cruciform twin of the same species. 
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2. 7*rwm horizontal ; that is, a macrodome. — Examples: arsenopvrite, 
14 a 14 = 120° 40'; leadhillite, 14 A 14 = 119°" 20'; 
Infinite, type 1. 

3. Priam horizontal ; that is, a hrachvdome. — 
Examples: nianganite, 14 A 14 — 122° 50* (f. 29(>) ; 
chrvsohervl, 3 l A 34 (f. 300) =120° 13' ; columhite, 
24 A 24 = 117° 20'. 

In all these cases there is a strong tendency toward 
repetition of the twinning, by which forms often stel- 
late, sometimes apparently hexagonal, result. These 
forms are illustrated in the following figures : f. 297 
is of witherite; f. 298 crystal of h adhillite, in its 
twinned form of very rhombohedral aspect. Figs. 
.. 299 and 300 are l>oth chrvsohervl. where 34 is the 

twummg-plane ; six-raved twins are very common in 
this species. 

The genesis of these forms is farther illustrated by the following cross* 
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sections. Fig. 301 shows a cross-section of a cerussite twin, and f. 302 one 
of the crystal of leadhillite figured above (f.*293). 
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In f. 303, three rhombic prisms, 7, of aragonite, are combined about their 
acute angles, the dotted lines showing the outlines of the prisms, and the 
across lining the direction of the brachv diagonal ; and in f. 304, four are 
similarly united. In f. 305, three similar prisms, /, are combined about the 



obtuse angle. This twin combination may take the form of a hexagonal 
prism, with or without re-entering angles ; of a three-rayed twin, liko f. 
3ul, and if a jienet ration-twin, of a composite ^>rism, like f. 303 (the num- 
bering of the parts showing the relation), or a six-rayed twin. In all these 
cases the stellate form depends on the extension of the individuals beyond 
the normal limits. o 

(5) Prismatic angle approximately that of the regular octahedron, 109° 
28'. An example is furnished by the species staurolite (f. 307), where th 
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twinning-plane is i4, and the corresponding prismatic angle is 109 14 
K 1 7 * (over to, or 70° 46' over to). 

807 80 8 Another example is furnished 

^ by marcasite, whose prismatic 

\ /t \ J\ angle is 106° h'. The twins 

Y are generally compound, the 

j * — \ repetition with the twinning- 

1 11 11 \\ M / n. yy plane sometimes parallel, 

\V_/ N f-y sometimes oblique, see p. 247. 

/s = In f. 308 the compound crye- 

' — \jLji tal consists of five individuals, 

Btaurolite. Marcasite. sillee five times 73 ° 55 ' ™ ap- 

proximately equal to 360°. 

(c) Prismatic angle approximately 90°. Examples are furnished by 
bournonite, / A /= 91° 12', see p. 254, and staurolite. In the latter case 
the twinning-plane is a brachvdome, f-2, and the angle is 91° 18' ; the form 
. 18 shown in f. 309, it being that of a nearly rectangular cross. See also 


Marcasite. 


phillipsite, p. 345. 
2. The twinninc 


2. The twinning-plane may be also an octahedral plane. An excellent 
example is furnished by staurolite, where the twinning-plane isf-f (f. 3101. 
xhe crystals cross at angles of nearly 120° and 00°, lienee the form in f. 
r three individuals (trilling) forming a six-rayed star. In 

r. 312 both this method of twinning and that mentioned above are com- 
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billed. There are^tlius for the species staurolite three methods of twin- 
ning, parallel to i- tof-£, and to jp. If the occurring prism is made i-I, 
then the tliree twinning planes become/, 14, 1, or fundamental planes, as 
18 usually true. 1 ’ 

Monocunic system. — The following examples comprise the more com- 
mon y occurnng .methods of twinning in this system. 

{a) The twinning-plane is the orthopinacoid (i-i). This is true in the 
case of the common twins of orthoclase (f. 318), called the Carlsbad twins. 
liie axis or revolution is normal to id (see also p. 90), while the two 
crystals are nil ited bv the clinopinacoid, which is consequently the com per 

J- twinS ' lmi y />e eit ^ ier right- or left-handed (f. 318 or 
I. 31J), according as the right or left half of the simple form (f 31-7) has 
been revolved . ' 



TWIN CRYSTAL! 


tt 

Fig. 313, of pyroxene, is another familiar example ; so also f. 314, of which 
f. 315 is the simple form. Fig. 320 is a twin ot scolecite, where the twin 
structure is shown by the striations on the clinopinacoid. 



A form of penetration-twin, with i-i the twinning-plane, is shown in 
f. 321 (from von Lang). The mode of combi- 
nation and cross-penetration of the two crystals 
1, 2, is illustrated in f. 322 ; it is a medial section 
of f. 321 from front to back. 

(b) The twinning-plane may also be the 
basal plane. This is common with orthoelase 
ff. 324); also with gypsum (f. 323). It has 
a iso been observed by the author in chondro- 
dite, type II and III, from Brewster, N. Y., see 
p. 305. 

(c) Figs. 325, 320, 327 show another method 
of twinning of orthoelase parallel to the clino- 
dome, 2-i. These twins are peculiar in that 
they form nearly rectangular prisms, since 
O A 2-} == 135° 3£'. They are common among the orthoelase crystals from 
Baveno, and hence are called Bareno twins. This method of twinning is 
also common with the amazon-stone of Pike’s Peak. 

The union of four crystals of this kind produces the form represented in 
f. 325 ; and the same, bv penetration, develops the penetration-twin of 
f. 327 (from v. Rath), which apparently consists of four pairs of twins, but 
may be regarded as made by the cross-penetration of the crystals of two 
pairs, or ot the four of f. 325. 

Forms like f. 325 may have one of the four parts undeveloped and so 
consist of three united crystals, and also the other parts, as in such coin • 
\K>und twins generally, may he very unequal. 

Twins corresponding to those of the orthorhombic system, where th<r 
twinning-plane is a prism whose angle is nearly 120°, have been observed 
by vrin Rath in hnmite , types II and III. 

Triclisio system.. — In the twins of the triclinic system, the three axel 



l 

Malachite. 
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may be axes of revolution, in which case the twinning-planes are not occur- 
ring crystallographic planes; or, the pinacoid planes may be the planes of 
twinning and the normals to them the axes of revolution. Some of the 
cases are illustrated in the following figures of albite. In f. 329 the 
brachy pinacoid (i-fy is the twiiming-plane ; f. 328 is the same, but it is a 
penetration-twin ; tnis is the most common method of twinning with this 
species. 


828 824 826 827 



Gypsum. Orfchoclase. Orthoclase. Orthoclase. 



11 (rWhV 0 1 A \ A i Se l b ? 4 r ( the former being 

llo 2o , the latter 115 55 ), and hence it is that m the twin 0 and -1 fan 

nearly into one plane. 
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Composition parallel to 0, where the revolution is on a horizontal axis 
normal to the shorter diagonal of O, is ex- 
emplified in f. 334 (from G. Rose). Both 
right- and left-handed twins of this kind 
occur; also double twins in which this 
method is combined with twinning (like 
that in f. 329, 330), parallel to t-f. 

A thorough discussion of the method of 
twinning in the triclinic system has been 
given by Schrauf in his monograph of the 
species brochantite (Ber. Ak., Wien, lxvii., 275, 1873), 


*34 



Regular Grouping of Crystals. 

Connected with the subject, of twin crystals is that of the parallel posi- 
tion of associated crystals of the same species, or of different species. 
Crystals of the same species occurring together are very commonly 
in parallel position. In this way large crystals are sometimes built up of 
•smaller individuals grouped together with corresponding planes parallel. 
This parallel grouping is often seen in crystals as they lie on the support- 
ing rock. On glancing the eye over a surface covered with crystals, a 
reflection from one face will often be accompanied with reflections from the 
corresponding face in each of the other crystals, showing that the crystals 
are throughout similar in their positions. 

Crystals of different species often show the same tendency to parallelism 
in mutual position. This is true most frequently of species which, from 
similarity or form and composition, are said to he isomorphous (see p. 199). 
Crystals of albite, implanted on a surface of or thoclase, are sometimes an 
example of this; crystals of hornblende and pyroxene, and of various kinds 
of mica are also at times observed associated in parallel position. 

T lie same relation of position also occasionally occurs where there is no 
connection in composition, as the crystals of rutile on tabular crystals of 
hematite, the vertical axes of the former coinciding with the lateral axee 
of the latter. Brei tliaupt has figured crystals of calcite, whose rhonibo 

335 330 




hedral faces (— $Ii) had a series of quartz crystals upon them, all in 
parallel position (f. 335); and Frenzel and voin Rath have described the 
same association where three such quartz crystals, one on each rhombo- 
liedral face, entirely enveloped the calcite, and uniting with re-entering 
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Prisms of tourmaline are very commonly bounded vertically toy three convex 
surfaces, owing to an oscillatory combination of the planes 1 and i-2. 

Faces of crystals are often marked with angular elevations more or less 
distinct, due sometimes also 10 oscillatory combination. Octahedrons of 
fluorite are common which have for each face a surface of minute cubes, 
proceeding from an oscillation between the cube and octahedron. This is 
a common cause of drusy surfaces with the crystals of many minerals. 

2. JStriations from oscillatory composition . — The striations of the plane 
0 of albite and other triclinic feldspars, and of the rhombohedral surfaces 
some calcite, have been attributed, oil p. 91, to oscillatory twinning. 

3. Markings from erosion and other causes . — It is not uncommon that 
the faces of crystals are uneven, or have the crystalline structure developed 
as a consequence of etching by some chemical agent. Cubes of galenite 
are often thus uneven, and crystals of lead sulphate or lead carbonate are 
somerimes present as evidence with regard to the cause. Crystals of numer- 
ous other species, even of corundum, spinel, quartz, etc., sometimes show die 
same result of partial change over the surface— often the incipient stage in 
a process tending to a filial removal of the whole crystal. Interesting in- 
vestigations have been made by various authors on the action of solvents on 

.different minerals, the actual structure of the crystals being developed in 
this way. ’ These are referred to again in another place (p. 122). 

The markings on the surfaces of crystals are not, however, always to he 
ascribed to etching. In most cases etchings, as well as the minute angular 
elevations upon the planes, are a part of the original molecular growth of 
the crystal, and often serve to show the successive stages in its history. 
They are the imperfections arising from an interrupted or disturbed de- 
velopment of the form, the perfectly smooth and even crystalline faces 
being the result of completed action free from disturbing causes. Ex- 
amples of the marking referred to occur on the crystals of most minerals, 
and conspicuously so on the pyramidal planes of quartz. 

The development of this subject belongs rather to cr yst alio gen y ; refer- 
ence may, however, be made here to the memoirs of Selmrfl, hearing on 
this subject, especially one entitled “ Ueber den Quarz, II., die Ueber- 
gangsflachen/ 5 Frankfort, 1874; also to the Crystallography of Sadebeck 
{for title see Introduction). 

It follows from the symmetry of crystallization that like planes should 
be physical ly alike, that is in regard to their surface character; it thus 
often happens that on all the crystals of a species from a given locality, or 

J erliaps from nil localities, the same j shines are etched or roughened alike . 

or example , on crystals of datolite from I large n Hill, the plane —24 
is almost uniformly destitute of lustre; there is much uniformity on the 
crystals of quartz in this respect . 

4. Curved surfaces may result from (a) oscillatory combination ; or (b) 
some independent molecular condition producing curvatures in the lamina: 
of the crystal; or ( a ) from a mechanical cause. 

Curved surfaces of the first kind have been already mentioned, p. 102. 

A singular curvature of this nature is seen in f. 339, of calcite ; and another 
in the same mineral in the lower part of f. 338, in which traces of a scaleho- 
hedral form are apparent which was in oscillatory combination with the 
prismatic form. 
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Curvatures of the second kind sometimes have all the faces convex. This 
is the case in crystals of diamond (f. 340), some of which are almoel 
spheres. The mode of curvature, in which all the faces are equally con 
vex, is less common than that in which a convex surface is opposite and 
parallel to a corresponding concave surface. Rhombohedrons of siderite 
(see p. 403) arc usually thus curved. The feathery curves of frost on win* 
dows and the flagging stones of pavements in winter are other examples of 
curves of the second kind. The alabaster rosettes from the Mammoth 
Cave, Ky., are similar. 
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Caleite. 
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Calcite. 



A third kind of curvature is of mechanical origin. In many species 

crystals appear as if they had been broken 
transversely into many pieces, a slight dis- 
placement of which has given a curved form 
to the prism. This is common in tourmaline 
and beryl. The beryls of Monroe, Conn., 
often present these interrupted curvatures, 
as represented in f. 341. 

Crystals not (infrequently occur with a 
deep pyramidal depression occupying the 
place of each plane, as is often observed in common salt, alum, and sulphur. 
This is due in part to their rapid growth. 



Beryl, Monroe, Conn. 


II. Variations in tiie Forms and Dimensions of Crystals. 

The simplest modification of form in crystals consists in a simple varia- 
tion in length or breadth, without a disparity in similar secondary planes 
The distortion, however, extends very generally to the secondary planes, 
especially when the elongation of a crystal takes place in the direction of a 
diagonal, instead of the crystallographic axes. In many instances, one or 
more planes are obliterated by the enlargement of others, proving a source 
of much perplexity to the student. The interfacial angles remain constant, 
unaffected by these variations in form. These changes in form often give 
rise to what is called by Sadebeck pseudo-symmetry ; the distorted forms 
of one system appearing similar to the normal forms of another. (Compare 
the descriptions of the following figures.) As most of the ditiiculties in the 


* See p. 188 for another use of this word. 
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study of crystals arises from these distortions, this sub'ect is one of <*reat 
importance. ' 

Figs. 342 to 353 represent examples from the isometric system. 

A cube lengthened or shortened along one axis becomes a right square 
prism, and if varied in the direction of two axes is changed to a rectangu- 
lar prism Cubes of pyrite, galenite, fluorite, etc., are generally thus dis- 
torted. it is very unusual to And a cubic crystal that is a true symmetrical 
cube. In some species the cube or octahedron (or other isometric form) is 
lengthened into a capillary cnstal or needle, as happens in cuprite and 
pyrite. 

An octahedron flattened parallel to a face, or in the direction of a trigonal 
interaxis, is reduced to a tabular cnstal (f. 342). If lengthened in the 
same direction, it takes the form in f.‘ 343 ; or if still farther lengthened 
to the obliteration of A', it becomes an acute rhombohedron (same figure). 



When an octahedron is extended in the direction of a line between two 
opposite edges, or that of a rhombic interaxis, it has the general form of 
a rectangular octahedron ; and still farther extended, as in 1. 344, it is 
changed to a rhombic prism with dihedral summits (spinel, fluorite, magne- 
tite). Ihe figure represents this prism lying on its acute edge. 

The dodecahedron lengthened in the direction of a diagonal between the 
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348 



obtuse solid angles, that is, that of a trigonal interaxis, becomes a six- 
sided prism with three-sided summits, as in f, 345 ; and shortened m the 
same direction is a short prism of the same kind (f. 340). llotli resemble 
rhombohedral forms and are common in garnet and zinc blende. When 
lengthened in the direction of one of the cubic axes, it becomes a square 
prism with pyramidal summits (f. 347), and shortened along the same axis 
* lt reduced to a square octahedron, with truncated basal angles (f. 348). 
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The trapezohedron is still more disguised by its distortions. When clou- 
gated in the line of a trigonal interaxis, it assumes the form in f. 349 ; and 
still farther lengthened, to the obliteration of some of the planes, becomes 
a scalene dodecahedron (f. 350). This has been observed in flnor spar. 
Only twelve planes are here present out of the twenty-four. Threads of 
native gold from Oregon, are strings of crystals presenting the form of this 
very acute rhombohedron, with the other planes of the trapezohedron 2-2 
(the scalenohedral and the terminal obtuse rhomboliedral) quite small at 
the extremities. 

If the elongation of the trapezohedron tabes place along a cubic axis, it 
becomes a double eight-sided pyramid with four-sided summits (f. 351) ; or 
if these summit planes are obliterated by a farther extension, it becomes a 
complete eight-sided double pyramid (f. 352). 



A Bcaleno-dodecahed ron of calcite is shown distorted in f. 353, which ap- 
Mare, however, to be an eight-sided prism, bounded laterally by the planes 
mi’ i n a • opposites, and terminated by the remaining planes. 

The following figures of quartz (f. 354-, 355) represent distorted forms of 
this mineral, in which some of the pyramidal faces by enlargement dis- 

fef. 10 1> T m f o,t aBeS ’ and uear b' obliterate some of the other pyramidal 
races ; see also f. 330. 


353 
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355 



wiTh^th^ nomal^rymmetry^ S The°^r I^'k 5 the 8a ^ e is show11 K 357 

enlarged while the rmwo ^ * J. P\ aile8 between O and the right I are 
^ } espondmg planes below are in part obliterated. # 
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By observing that similar planes are lettered alike, the correspondence of 
the two hgures will be understood. 

In deciphering the distorted crystalline forms it must be remembered 
that while the appearance of the crystals may be entirely altered, the angles 
remain the same; moreover, like planes are physically alike, that is, alike 
in degree of lustre, in striations, and so oil. 


856 
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In addition to the variations in form which have just been described, still 
greater irregularities are due to the fact that, in almost all cases, crystals in 
nature are attached either to other crystals or to some rock surface, and in 
consequence of this are only partially developed. Thus quartz crystals are 
generally attached by an extremity of the prism, and hence have only one 
set of pyramidal planes ; perfectly formed crystals, as those from Herkimer 
Co., N. Y., having the double pyramid complete, are rare. The same 
statement may be made for nearly all species. 


III. Variations in the Angles of Crystals. 

The greater part of the distortions described occasion no change in the 
interfacial angles of crystals. But those imperfections that produce con- 
vex, curved, or striated faces, necessarily cause such variations. Further- 
more, circumstances of heat or pressure under which the crystals were 
formed may sometimes cause not only distortion in form, but also some 
variation in angle. The presence of impurities at the time of crystallization 
may also have a like effect. 

Still more important is the change in the angles of completed crystals 
which is caused by subsequent pressure on the matrix in which they were 
formed, as, for example, the change which may take place during the more 
or levss c unplete metamorphism of the enclosing rock. 

The change of composition resulting in pseudomorphous crystals (see 
p. 113) is generally accompanied by an irregular change of angle, so that 
the pseudomorplis of a species vary much in angle. 

In general it is safe to affirm that, with the exception of the irregularities 
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arising from imperfections in the process of crystallization, or from 
changes produced subsequently, variations in the angles are rare, and the 
constancy of angle alluded to on p. 87 is the universal law.* 

In cases where a greater or less variation in angle has been observed in 
the crystals of the same species from different localities, the cause for this 
can usually be found in a difference of chemical composition. In the case 
of isomorphons compounds it is well known that an exchange of correspond- 
ing chemically equivalent elements may take place without a change of 
form, though usually accompanied with a slight variation in the funda- 
mental angles. 

The effect of heat upon the form of crystals is alluded to upon p. 1C8. 



IRREGULARITIES OF CRYSTALS. 


100 


The inclosures ma y also consist of a hetcroge neons mass of material ; as 
the granitic matter seen in ortlioclase crystals in a porphyritic granite ; or 
the feldspar, quartz, etc., sometimes inclosed in 
large coarse crystals of beryl, occurring in granite 858 


veins. 

An interesting example of the inclosure of one 
mineral by another is afforded by the annexed 
figures of tourmaline, enveloping ortlioclase (E. II. 

Williams, Am. J. Sci., III., xi., 273, 1876). Fig. 

358 shows the crystal of tourmaline ; and cross-sec- 
tions of it at the points indicated (a, J, e) are given 
by f. 359, 360, 361. The latter show that the feld- 
spar increases in amount in the lower part of the 
crystal, the tourmaline being merely a thin shell. 

Similar specimens from the same locality (Port 
Henry, Essex Co., N". Y.) show that there is no ne- 
cessary connection between the position of the tour- 
maline -Mid that of the feldspar. 

. Similar occurrences are those of trapezohedrons 
# of garnet, where the latter is a mere shell, enclosing 
calcite, or sometimes epidote. Analogous cases 
have been explained by some authors as being due to partial paeudomorph 
ism, the alteration progressing from the centre outward. 




The microscopic crystals observed as inclosures may sometimes bo 
referred to known species, but more generally their true nature is doubtful. 
The term microlites , proposed by Vogelsang, is often used to designate the 



minute inclosed crystals; they are generally of needle-like form, some 
times quite irregular , and often very remarkable in their arrangement and 
groupings ; some of them are exhibited in f. 367 and f. 368, as explained 
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below. Trichite and belonite are names introduced by Zirkcl ; the former 
name is derived from Opt%, hair , the forms, like that in f. 362, are common 
in obsidian. Where the minute individuals belong to known species they 
are called, for example, feldspar microlites, etc. 

Crystallites is an analogous term which is intended by Vogelsang to cover 
those minute forms which have not the regular exterior form of crystals, 
but may be considered as intermediate between amorphous matter and true 
crystals. Some of the forms, figured by Vogelsang, are shown in f. 363 to 
366; they are often observed in glassy volcanic rocks, and also in furnace 
slags. A series of names have been given to varieties of crystallites, such 
as globulites, margarites, etc.* 

The microscopic inclosures may also be of an irregular glassy nature ; a 
kind that exists in crystals which have formed from a melted mass, as lavas 
or the slag of iron furnaces. 

In general, it may be said that while the solid inclosures occur sometimes 
quite irregularly in the crystals, they are more generally arranged with 
some evident reference to the symmetry of the form, or planes of the 
crystals. Examples of this are shown in the following figures : f. 367 ex 



Angite. 
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Calcite. 


hibits a crystal of angite, inclosing magnetite, feldspar and nephelite 
microlites, etc., and f. 368 shows a crystal of leucite, a species whose 
crystals very commonly inclose foreign matter. Fig. 369 shows a section 
of a crystal of calcite, containing pynte. 
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Andalusite. 


Another striking example is afforded by andalusite, in which the inclosed 
Impurities are of considerable extent and remarkably arranged. Fir. 370 
shows the successive parts of a single crystal, as dissected by B. Iloreford 


Die Krystalliten von Hermann Vogelsang. Bonn, 1876. 
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of Springfield, Mass. ; 371, one of tl e four white portions ; and 372, the 
central black portion. 
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CRYSTALLINE AGGREGATES. 

The greater part of the specimens or masses of minerals that occur, may 
be described as aggregations of imperfect crystals. Even those whose 
structure appears the most purely impalpable, and the most destitute in- 
ternally of anything like crystallization, are probably composed of crystal- 
line grains. "Under the above head, consequently, are included all the 
remaining varieties of structure in the mineral kingdom. 

The individuals composing imperfectly crystallized individuals, may be: 

1. Columns , or fibres, in which case the structure is columnar . 

2. Thin lamina ?, producing a lamellar structure. 

3. Grains , constituting a granular structure. 

1. Columnar Structure. 

A mineral possesses a columnar structure when it is made up of slender 
columns or fibres. There are the following varieties of the columnar struc 
t nre : 

Fibrous ; when the columns or fibres are parallel. Ex. gypsum, asbestus 
Fibrous minerals have often a silky lustre. 



112 


CRYSTALLOGRAPHY. 


Reticulated : when the fibres or columns cross in various directions, and 
produce an appearance having some resemblance to a net. 

Stellated or stellular : when they radiate from a centre in all directions, 
and produce star-like forms. Ex. stilbite, wavellite. 

Radiated , divergent : when the crystals radiate from a centre, without 
producing stellar forms. Ex. quartz, stibnite. 


2. Lamellar Structure . 

The structure of a mineral is lamellar when it consists of plates or 
leaves. The laminae may be curved or straight, and thus give rise to the 
curved lamellar, and straight lamellar structure. Ex. wollastonite (tabular 
spar), some varieties of gypsum, talc, etc. When the laminae are thin and 
easily separable, the structure is said to be foliaceous. Mica is a striking 
example, and the term micaceous is often used to describe this kind of 
structure. 


3. Granular Structure. 

The particles in a granular structure differ much in size. When coarse, 
the mineral is described as coarsely granular ; when fine, finely granular; 
and if not distinguishable by the naked eye, the structure is termed im- 
palpable. Examples of the first may be observed in granular crystalline 
limestone, sometimes called saccharoidal ; of the second, in some varieties 
of hematite ; of the last, in chalcedony, opal, and other species. 

The above terms are indefinite, but from necessity, as there is every 
degree of fineness of structure in the mineral species, from perfectly im- 
palpable, through all possible shades, to the coarsest granular. The term 
phanero -crystalline lias been used for varieties in which the grains are dis- 
tinct, and crypto-crystalline , for those in which they are not discernible. 

Granular minerals, when easily crumbled in the fingers, are said to be 
friable . 


4. Imitative Shapes. 

Reniform : kidney shape. The structure may be radiating or concentric. 

Botryoidal : consisting of a group of rounded prominences. The name 
is derived from the Greek $ot/!>u<?, a bunch of grapes . Ex. limonite, chal- 
cedony. 

Mammillary : resembling the botryoidal, but composed of larger prom- 
inences. 

Globular ; spherical or nearly so ; the globules may consist of radiating 
fibres or concentric coats. When attached, as they usually are, to the sur- 
face of a rock, they are described as implanted globules . 

Nodular : in tuberose forms, or having irregular protuberances over the 
surface. 

Amygdahidal : almond-shaped, applied usually to a greenstone contain- 
ing almond- shaped or sub-globular nodulea. 
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Coralloidal : like coral, or consisting of interlaced flexuous brandlings 
of a white color, as in some aragonite. 

Dendritic : branching tree-like. 

Mosey : like moss in form or appearance. 

Filiform or Capillary: very slender and long, like a thread or hair; 
consists ordinarily of a succession of minute crystals. 

Adcular : slender and rigid like a needle. 

Reticulated : net-like. 

Drusy : closely covered with minute implanted crystals. 

Stalactitic: when the mineral occurs in pendant columns, cylinders, or 
elongated cones. 

Stalactites are produced by the percolation of water, holding mineral 
matter in solution, through the rooky roofs of caverns. The evaporation 
of the water produces a deposit of the mineral matter, and gradually forms 
a long pendant cylinder or cone. The internal structure may be imper- 
fectly crystalline and granular, or may consist of fibres radiating from the 
central column, or there may he a broad cross-cleavage. 

Common stalactites consist of calcium carbonate. Chalcedony, gibbsite, 
brown iron ore, and many other species, also present stalactitic forms. 

The term amorphous is used when a mineral has not only no crystalline 
form or imitative shape, but also does not polarize the light even in its minute 
particles, and thus appears to be destitute wholly of a crystalline structure 
internally, as most opal. Such a structure is also called colloid or jelly- 
like, from the Greek for glue. Whether there is a total absence of crystal- 
line structure in the molecules is a debated point. The word is from a 
' privative , and fiopc^T), shape. 


PSEUDOMORPHOUS CRYSTALS. 

Every true mineral species has, when crystallized, a form peculiar to 
itself ; occasionally, however, crystals are found that have the form, both 
as to angles and general habit, of a certain species, and yet differ from it 
entirely in chemical composition. Moreover it is often seen that, though 
in outward form complete crystals, in internal structure they are granular, 
or waxy, and have no regular cleavage. 

Such crystals are called pseudomorphs , and their existence is explained 
by the assumption, often admitting of direct proof, that the original min- 
eral has been changed into the new compound, or has disappeared through 
some agency, and its place been taken by another chemical compound to 
which the form does not belong. 

Pseudomorphs have been classed under several heads. 

1. Pseudomorphs by substitution . 

b 2. Pseudomorphs by simple deposition , (a) incrustation or (b) infiltra • 
tion . 

3. Pseudomorphs by alteration ; and these may be altered 
{a) without a change of composition, by paramorphism ; 

(b) by the loss of an ingredient ; 

(c) by the assumption of a foreign substance ; 
id) by a partial exchange of constituents. 

8 




SECTION I.— SUPPLEMENTARY CHAPTER. 

IMPROVEMENTS IN’ THE INSTRUMENTS FOR TFIE ^MEASUREMENT OF THE 
ANGLES OF CRYSTALS (SCO pp. 83-87). 

Reflecting Goniometer . — A form of reflecting goniometer, well adapted for 
accurate measurements, and at the same time thoroughly practical, is shown 
in f. 372 a. It is made on the Babinet type, with a horizontal graduated 
circle; the instruments of the Mitschcrlich type, alluded to on p. 80, having 
a vertical circle. The horizontal circle has many advantages, especially 
when it is desired to measure the angles of large crystals or those which are 




***'-a|J 
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* The author is indebted to R. Fuess for the electrotypes from which t 
lowing figures (372a, b, c, d, also, f. 412c, d, e, f, h, k, l) have been printed. 


from which this and the fob 
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will be in focus over its entire extent only when the plane is exactly at right 
angles to the axis of the microscope. The microscope stands vertically abovo 
the crystal, and is supported on a double slide, which allows of its being 
moved parallel and perpendicular to the axis of the goniometer, so that it is 
possible to see successively every portion of a crystal face fastened to the 
goniometer, and at the proper focal distance. The slide perpendicular to the 
axis of the goniometer carries a vernier, so that the position of the microscope 
can be measured on the fixed scale to a half millimeter. The micrometer 
screw of the microscope is arranged so that the raising or lowering of the 
microscope can be measured to 0*004 mm. The spider Tine in the eye-piece, 
parallel to the axis of rotation of the goniometer, is so adjusted that when the 
slide just mentioned stands at the zero of its scale, it lies exactly in tho 
verticil 1 plane through the axis . The horizontal centering telescope is placed 
opposite the crystal support , and moves on a slide parallel to tho axis of the 
graduated circle . Its spider lines are so adjusted that their ccntro exactly 
coincides with this axis . The apparatus for centering and adjusting tho 
crystal consists of a vertical disk allowing of motion in any direction perpen- 
dicular to the axis of rotation , and a spherical segment moved by four arms 
(Petzval support). In use the edge of the two planes to be measured is 
brought bv means of the spider line of the microscope parallel to the axis of 
-otation of the goniometer, and there centered, by means of t he telescope, so 
hat as the crystal is turned this edge remains in the centre of the spider lino 
of the centering telescope ; then the two planes which form this edge are, by 
successive adjustments by help of the microscope, brought each successively 
into an exactly horizontal position as the circle is revolved. Tho angle 
(normal angle) between the two planes is obtained in the usual manner. 
'Hirschwald calculates that, with a sufficiently delicate arrangement of lenses, 
for pianos whose width is 5 mm., the theoretical error of measurement is 2' 40"; 
for those with a width of 10 mm., the error is only 1'. The improved sup- 
port for the crystal is so arranged that when the edge is exactly adjusted and 
one of the two planes carefully placed with the microscope, tho second piano 
must be for its whole 
extent in the proper 
position as soon as this 
is true for a single 
point of the plane. 

Coal act -lever Goni- 
ometer of Fuess . — An- 
other form of goniom- 
eter has been invented 
by Fuess (see Liebisch, 

1. c., pp. 337-339) 
which aims to accom- 
plish the same end as 
that of Hirschwald — 
the exact measurement 
of the angle between 
two unpolished surfaces 
— but in this case the 
adjustment is accom- 
plished by median ical 

means. The essential arrangement is shown in f. 372 b, 372c. It consists 
of a Wollaston goniometer, G, supported upen a perfectly even unpolished 
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contact-lever is carried by B, which rests on the glass 
o and by the screw, n, with a graduated head turn- 
w’ith the index, y. Two arms, F F, go down from 
jj carrying tne nut in which the screw, r, turns ; this screw moves B 
in a direction at right angles to the axis of the goniometer. The arm, 
D, contains the nut for the adjusting screw, m (similar to »), which 
belongs immediately to the lever system. On the arm C is attached the 
knife edge, l, which meets the edge, c, fastened to the arm, i ; this arm, /, 

turns about a , and is su pported by the 
screw, m. The adjustable ball, b. sup- 
ported on t , is to be placed so that the 
ivory index rests with the least pos- 
sible pressure on the crystal-face at 
K (see also f. 372c). The contact- 
lever, E \ whose longer arm marks on 
the scale, S, lies between l and c ; its 
head, d, is so to be adjusted that the 
lever resting on the lower edge, c , has 
a slight excess of weight on the side of the goniometer, so that it touches both 
edges . A perceptible play of the long arm corresponds to a raising or lower- 
ing of the ivory index of b-0005 mm. If the plane has a width of 1 mm ., the , 
degree of accuracy attainable is theoretically 2'. 

In the preliminary centering and adjusting the work is facilitated by the 
arrangement shown In f. 372 d. It consists of a plate, p, 
which' rests on A by the three set-screws, s. Two arms, 
with set-screws, t , resting on the side of the supporting 
plate, make possible, similar to r, a movement parallel to 
this side. An index finger, l, is supported above the plate, 
p. The screws, s and t, arc now set so that the sharp edge 
of l is exactly in the prolongation of the axis of rotation 
of the goniometer, which is necessarily parallel to the 
upper and side surfaces of the supporting plate. By the 
help of this arrangement, the approximate centering and adjusting of the 
crystal-edge can bo readily accomplished, and also the parallelism between 
the crystal-face and the supporting plate be proved. 

Measurement of the Angles of microscopic Crystals. — Bertrand (C. R., 
lxxxv., 1175, 1877 ; Bull. Sde. Min., i., 22, 00, 1878) has described a 
method for obtaining the intcrfacial angles of microscopic crystals, which may 
be brieiiy alluded to nere. It is based on the geometrical principle that if the 
plane angles are known which the projections of a plane make with three 
perpendicular co-ordinate axes, the angular inclination of the plane to the 
three axes can bo calculated. The crystal to be measured is fastened on a 
small cube of glass held in a pincer arrangement, on a secondary microscope 
stage ; this stage is, like the principal stage below it, movable about a ver- 
tical axis, and besides has by means of screws a motion in two perpendicular 
directions in a horizontal plane. The method of obtaining the desired angles 
is very ingenious, but too complex to allow of explanation here ; reference 
must be made to the original paper. With crystals of from 1-20 to 1-30 mm., 
Bertrand obtained results accurate within 6', and he states that the method 
can be extended to crystals which have a magnitude of only 1-100 mm. 
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PHYSICAL CHARACTERS OF MINERALS. 

The physical characters of minerals are those which relate : I., to 
Cohesion and Elasticity, that is : cleavage and fracture , hardness, and ten- 
acity ; II., to the Mass and Volume, the specific gravity ; III., to Light, 
the optical properties of crystals ; also color , lustre, etc. ; IV., to Heat ; 
V., to Electricity and Magnetism; VL, to the action on the Senses, as 
taste, feel , etc. 


I. COHESION AND ELASTICITY * 

By cohesion is understood the attraction existing between the molecules 
of a body , in consequence of which they oiler resistance to a force tend- 
ing to separate them, as in breaking or scratching. This principle leads to 
some ot the most universally important physical characters of minerals , — 
cleavage, fracture, and hardness. 

' Elasticity, on the other hand, is the force which tends to bring the 
molecules of a body back into their original position, from which they have 
been disturbed. Upon elasticity depends, for the most part, the degree 
of tenacity possessed by different minerals. 

A. Cleavage and Fracture. 

1. Cleavage. — Most crystallized minerals have certain directions in 
which their cohesive power is weakest, and in which they consequently 
yield most readily to an exterior force. This tendency to break in the 
direction of certain planes is called cleavage, and being most intimately 
connected with the crystalline form it has already been necessary to define 
it, and to mention some of its most important features (p. 2). Cleavage 
differs (a) according to the ease with which it is obtained, and (b) accord- 
ing to its direction, crystallographically determined. 

(a) Cleavage is called perfect or eminent when it is obtained with great 
ease, affording smooth, lustrous surfaces, as in mica, topaz, calcite. Inferior 
degrees of cleavage are spoken of as distinct, indistinct or imperfect , inter- 
rupted, in traces, difficult. These terms are sufficiently intelligible without 
further explanation. It may be noticed that the cleavage ot a species is 
sometimes better developed in some of its varieties than mothers. 

(b) Cleavage is also named according to the direction, crystallographically 
defined, which it takes in a species. When parallel to the basal section (O) 
it is called basal, as in topaz; parallel to the prism, as in amphibole, it is 
called prismatic ; also macrodiagonal, orthodiagonal, etc., wiien parallel 
to the several diametral sections ; parallel to the faces of the cube, octa- 

# See further on p. 173. 
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hedron, dodecahedron, or rhombohedron, it is called cubic, as galenite; 
octahedral, as fluorite \ dodecahedral, as sphalerite ; rhornbohedraX, as 
calcite. 

Intimately connected with the cleavage of crystallized minerals are the divisional planes in- 
vestigated by Reusch (see Literature, p. 123). He has found that by pressure, or by a sudden 
blow, divisional planes are in many cases produced which are analogous to the cleavage 
planes. The first he calls Gleitflachen , or planes in which a sliding of the molecules upon 
each other takes place. Thus, for example, if two opposite dodecahedral edges of a oubio 
cleavage mass of rock-salt are regularly filed away, and the mass then subjected to pressure 
in this direction, a GleitJUicfts is obtained parallel to the dodecahedral face. 

The figures, on the other hand, obtained by a blow on a rounded steel point, placed perpen- 
dicular to the natural or cleavage face of a crystal, are called by him fracture-figures (Schlag- 
fiyuren). The divisional-planes in this case appear as cracks diverging from the point where 
the blow has been made. For instance, on a cubic face of rock-salt two planes, forming a 
rectangular cross, are obtained ; on biaxial mica, a six-rayed (sometimes three rayed) star 
results from the blow, one ray of which is always parallel to the brachydiagonal axis of the 
prism. 

2. Fracture . — The term fracture is used to define the form or kind of 
surface obtained by breaking in a direction other than that of the cleavage 
in crystallized minerals, and in any direction in massive minerals. When 
the cleavage is highly perfect in several directions, as the cubic cleavage of 
galenite, fracture is often not readily obtainable. 

Fracture is defined as : 

(a) Gonehovlal; when a mineral breaks with curved concavities , more 
or less deep. It is so called from the resemblance of the concavity to the 
valve of a shell , from concha , a shell / fiint. 

(b) Fve?i / when the surface of fracture, though rough, with numerous 
small elevations and depressions, still approximates to a plane surface . 

(<j Uneven ; when the surface is rough and entirely irregular. 

(d) Ilaol'ley ; when the elevations are sharp or jagged ; broken iron. 

Other terms also employed are earthy, splintery, etc . 


B. Hardness. 

By the hardness of a mineral is understood the resistance which it offers 
to abrasion. The degree of hardness is determined by observing the ease 
or difficulty with which one mineral is scratched by another, or by a file or 
knife. . 

In minerals there are all grades of hardness, from that of a substance 
impressible by the finger-nail to that of the diamond. To give precision 
to the use of this character, a scale of hardness was introduced by Mona. 
It is as follows : 

1. Talc; common laminated light-green variety. 

2. Gypsum, ; a crystallized variety. 

3. Calcite ; transparent variety. 

4. Fluorite ; crystalline variety. 

5. Apatite ; transparent variety. 

(5.5. Scapolite ; crystalline variety.) 

6. Feldspar (orthoclase) ; white cleavable variety. 

7. Quartz; transparent. 
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. 8. Topaz j transparent. 

9. Sapphire; cleavable varieties. 

10. Diamond . 

If the mineral under trial is scratched by the file or knife as easily as 
apatite, its hardness is called 5 ; if a little more easily than apatite and 
not so readily as fluorite, its hardness is called 4.5, etc. For minerals as 
hard or harder than quartz, the file will not answer, and the relative hard- 
ness is determined by finding by experiment whether the given mineral will 
scratch, or can be scratched by, the successive minerals in the 6cale. 

It need hardly be added that great accuracy is not attainable by the above 
methods, though, indeed, for all mineralogical purposes exactness is quite 
unnecessary. 


This subject has been recently investigated by Exner (p. 122), who has given the form of 
the<JM?Tf# of hard ness for the different planes of many crystals. These curves are obtained as 
foUows : the least weight required to scratch a crystalline surface in different directions, 
for each 10° or 15°, from 0° to 180°, is determined with the sclerometer; these directions 
are laid off as radii from a centre, and the length of each is made proportional to the weight 
fixed by experiment, that is, to the hardness thus determined ; the line connecting the 
extremities of these radii is the curve of hardnesB for the given plane. 


C. Tenacity. 

Solid minerals may be either brittle, sectile, malleable, flexible, or elastic. 

(a) Brittle ; when parts of a mineral separate in powder or grains on 
attempting to cut it ; calcite. 

(b) Sectile ; when pieces may be cut off with a hnife without falling to 
powder, but still the mineral pulverizes under a hammer. This character 
is intermediate between brittle and malleable ; gypsum. 

(c) Malleable ; when slices may be cut off, and these slices flattened out 
under a hammer; native gold, native silver. 

{d) Flexible; when the mineral will bend, and remain bent after the 
bending force is removed ; talc. 
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(e) Elastic ; when after being bent, it will spring back to its original 
position ; mica. 

The elasticity of crystallized minerals is a subject of theoretical rather 
than practical importance. The subject has been acoustically investigated 
by Savart with very interesting results. Reference may also be made to 
the investigations of Neumann, and later those of Voigt and Groth. Tlio 
m»)st important principle established by these researches is, as stated by 
Groth, that in crystals the elasticity (coefficient of elasticity) differs in 
different directions, but is the same in all directions which are crystallo- 
graphy cal ly identical ; hence he gives as the definition of a crystal, a solid 
m which the elasticity is a function of the direction. 

Intimately connected with the general subjects here considered, of cohesion in relation 
to minerals, are the figures produced by etching on crystalline faces (Aetzfiguren, Germ.), 
investigated by Leydolt, and later by Baumhauer, Exner, and others. This method of investi- 
gation is of high importance as revealing the molecular structure of the crystal ; reference, 
however, must be made to the original memoirs, whose titles are given below, for the full 
discussion of the subject. 

The etching is performed mostly by solvents, as water in some cases, more generally the 
ordinary mineral acids, or caustic alkalies, also by Rteam and hydrofluoric acid ; the latter is 
especially powerful in its action. The figures produced are in the majority of cases angular 
depressions, such as low triangular, or quadrilateral pyramids, whose outlines run parallel to 
some of the crystalline edges. In some cases the planes produced can be referred to occur** 
ring crystallographic planes. They appear alike on similar planes of crystals, and hence 
serve to distinguish different forms, perhaps in appearance identical, as the two sets of planes 
in the ordinal y double pyramid of quartz ; so, too, they reveal the compound twinning struc- 
ture common on some crystals, as quartz (p. 89) and aragonite. 

Analogous to the etching-figures are the figures produced on the faces of some crystals bv 
(Mebl °^ wa ^ er (Vwwitterungafiguren, Germ,) This subject has been investigated by Pape 


Literature. 

Cohesion • Hardness . 

rrqnkmheim. De Ciystalloram Cohsesione, 1829; also in Baumgartner’s Zeitschrift fill 
tliysiK, ix., 194. 1831. 

Frankenheim. Ueber die Anor dnung der Molecule in Krystallen ; Pogg. xcvii., 337. 1850. 
boa n eke Ueber die Cohiiaion de s Steinsaizes in krystallographisch vensebiedenen Rich- 
tungen; Pogg. cxxxvii., 177. 18(H). 

Franz. Ueber die Hiirte der Mineralien und ein neues Verfabren dieaelbe zn meaaen * 
Pogg. lxxx. , 37. 1850. » 

Gmilich und Ptkdrek. Ber. Ak. Wien, xiii., 410. 1854. 

Exner. Ueber die Harte der Krystallflachen ; 100 pp. Wien, 1873. 


Elasticity . 

Satan. Pogg. Ann., xvi., 200. 

Neumann. Pogg. Ann., xxxi., 177. 

Voigt. Pogg. Ann. Erg. Bd., vii, i, 177, 1875. 
Groth. Pogg. Ann., clvii., 115, 787. 1876. 


Untersuchung iiber den Glimmer und verwandte Minerale ; Pogg. cxxxviii., 837, 


Bauer, 

im. 

Beutch. Ueber die Kornerprobe am Steinsalz u. Kalkspath. Pogg. cxxxii., 441. 1867-- 
am zwei-axigen Glimmer, Pogg. Ann. cxxxvi, 480, 682 am krystallirten Gyps, ibid.,p. 185. 



SPECIFIC GRAVITY 


123 


tfaumhauer. TJeber Aetzflguren and die Erscheinungen des Auteiismus an Krystallen; 
Pogg. Ann. cxxxviii., 163 ; cxxxix., 349 ; cxL, 271 ; cxlv., 459 ; 3liii., 621 ; Ber. Ak. Miinohen, 
1875, 169. 

Danied. Quarterly Journal of Science, i., 24. 1816. 

Exner. An Losungsfiguren in Krystallen; Ber. Ak. Wien, lxix., 6. 1874. 

Hirsckwald. Aetzflguren an Quarz-Kiystallen ; Pogg. cxxxvii. , 548. 1869. 

Knop. JaJhrb. Min., 1872, 785. 

Leyddt. Ueber Aetzungen ; Ber. Ak. Wien, xv., 58; xix., 10. 

Pape. Ueber das Yerwitterungs-Ellipsoid wasserhal tiger Krystolle; Pogg. cxxiv., 329 i 
cxxv. , 513. 1865. 


II. SPECIFIC GRAVITY.* 

The specific gravity of a mineral is its weight compared with that of an- 
other substance of equal volume, whose gravity is taken at unity. In the 
case of solids or liquids, this comparison is usually made with water. If a 
cubic inch of any mineral weighs twice as much as a cubic inch of water 
(water being the unit), its specific gravity is 2, if three times as much, its 
specific gravity is 3, etc. 

The direct comparison by weight of a certain volume of water with an 
equal volume of a given solid is not often practicable. By making use, 
however, of a familiar principle in hydrostatics, viz., that the weight lost 
by a solid immersed in water is equal to the weight of an equal volume of 
water, that is of the volume of water it displaces, — the determination of the 
specific gravity becomes a very simple process. 

The weight of the solid out of water (w) is determined by weighing in 
the usual manner; then the weight in water is found ( w'), when the loss by 
immersion or the difference of the two weights (w — w') is the weight of a 
volume of water equal to that of the solid ; finally the quotient of the first 
weight (w) by that of the equal volume of water as determined ( w — w') 
is the specific gravity (6r). 


Hence, 


G = 


w 
w — w 


For example , the weight of a fragment of quartz is found to be 4.534 
grams . Its weight in water = 2.817 grains, and therefore the loss oi 
weight* or the weight of an equal volume of water = 1.717. Consequent 1) 

the specific gravity is equal to ~ or 2.341. 

The ordinary method for obtaining the specific gravity of firm, solid 
minerals is first to weigh the specimen accurately on a good chemical bal- 
ance, then suspend it from one pan of the balance by a horse-hair, silk 
thread, or better still by a fine platinum wire, in a glass of water con- 
veniently placed beneath. The platinum wire may be wound around the 
specimen, or where the latter is small it may be made at one end into a 
little spiral support. While thus suspended, the weight is again taken with 
the same care as before. 

The water employed for this purpose should be distilled, to free it from 
all foreign substances. Since the density of water varies with its tempera- 
ture, a particular temperature has to be selected for these experiments, in 


# See further on p. 173. 
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order to obtain uniform results : 60° F. is the most convenient, and has 
been generally adopted. But the temperature of the maximum density of 
water, 39.2° F. (4° C.), has been recommended as preferable. For minerals 
soluble in water some other liquid, as alcohol, benzene, etc., must be em- 
ployed whose specific gravity (y) is accurately known ; from the com- 
parison with it, the specihc gravity (6r) of the mineral as referred to water 
is determined, as by the formula : 


w — w v 

A very convenient form of balance is tbe Bpiral balance of Jolly, where the weight is mea- 
sured by the torsion of a spiral brass wire. The readings, which give the weight of the min- 
eral in and out of water, are obtained by observing the coincidence of the index with its 
image reflected in the mirror on which the graduation is made. 

A form of balance in which weights are also dispensed with, the specific gravity being read 
off from a scale without calculation, has recently been described by Parish (Am. J. Sci., III., 
x., 852). Where great accuracy is not required, it can be very conveniently used. 

If the mineral is not solid, but pulverulent or porous, it is best to reduce 
it to a powder and weigh it in a little glass bottle (f. 373) 
called a pygnometer. This bottle has a stopper which 
fits tightly and ends in a tube with a very fine opening. 
The bottle is filled with distilled water, the stopper in- 
serted, and the overflowing water carefully removed with 
a soft cloth. It is now weighed, and aiso the mineral 
whose density is to be determined. The stopper is then 
removed and the mineral in powder or in small fragments 
inserted, with care, so as not to introduce air-bubbles. 
The water which overflows on replacing the stopper is 
the amount of water displaced by the mineral. The 
weight of the pygnometer with the enclosed mineral is 
determined, and the weight of the water lost is obviously 
the difference between this last weight and that of the 
bottle and mineral together, as first determined. The specific gravity of 
the mineral is equal to its weight alone divided by the weight of the equal 
volume of water thus determined. 

Where this method is followed with sufficient care, especially avoiding 
any change of temperature in the water, the results are quite accurate. 
Other methods of determining the specific gravity will be found described 
in the literature notices which follow. 

It has been shown by Rose that chemical precipitates have uniformly a 
higher density than belongs to the same substance in a less finely divided 
state. This increase of density also characterizes, though to a less extent, 
a mineral in a fine state of mechanical subdivision. This is explained 
by the condensation of the water on the surface of the powder . 

It may also be mentioned that the density of many substances is altered 
by fusion . The same mineral in different states of molecular aggregation 
may differ 6oinewliat in density . Furthermore , minerals having the same 
chemical composition have sometimes different densities corresponding co the 
different crystalline forms in which they appear (see p. 199). 
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For all minerals in a state of average purity the specific gravity is one of 
the most important and constant characteristics, as urged especially by 
Breithaupt. Every chemical analysis of a mineral should be accompanied 
by a careful determination of its density. 

Practical suggestions . — The fragment taken should not be too large, say from two to five 
grams for ordinary cases, varying somewhat with the density of the mineral. The substance 
must be free from impurities, internal and external, and not porous. Care must be taken to 
exclude air-bubbles, and it will often be found well to moisten the surface of the specimen 
before inserting it in the water, and sometimes boiling is necessary to free it from air. If it 
absorbs water this latter process must be allowed to go on till the substance is fully satu- 
rated. No accurate determinations can be made unless the changes of temperature are 
rigorously excluded and the actual temperature noted. 

In a mechanical mixture of two constituents in known proportions, when the specifio 
gravity of the whole and of one are known, that of the other can be readily obtained. This 
method is often important in the study of rocks. 


Literature. — Specific Gravity. 
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III. LIGHT.* 

Before considering the distinguishing optical properties of crystals of the 
different systems, it is desirable to review briefly some of the more im- 

S ortant principles of optics upon which the phenomena in question 
epend. 

Nature of light — In accordance with the undulatory theory of Huy- 
ghens, as further developed by Young and Fresnel, light is conceived to 
consist in the vibrations, transverse to the direction of propagation, of the 
particles of imponderable, elastic ether , which it is assumed pervades all 
space as well as all material bodies. These vibrations are propagated with 
great velocity in straight lines and in all directions from the luminous 
point, and the sensation which they produce on the nerves of the eye is 
called light. 

The nature of the vibrations will be understood from f. 374. If AB 
represents the direction of propagation of the light-rav, each particle of 
ether vibrates at right angles to this as a line of equilibrium. The vibrio 


* See further on dp. 177 et sea 
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tiou of the first particle induces a similar movement in the adjacent par- 
ticle ; this is communicated to the next, and so on. The particles vibrate 
successively from the line AB to a distance corresponding to bb\ called the 
amplitude of the vibration, then return to b and pass on to b’\ and so 

874 


I, .«■ i 


on. Thus at a given instant there are particles occupying all positions, 
from that of the extreme distance V, or o', from the line of equilibrium to 
that on this line. In this way the wave of vibration moves forward, while 
the motion of the particles is only transverse. In the figure the vibrations 
are represented in one plane only, but in ordinary light they take place in 
all directions about the line AB. The distance between any two particles, 
which arc in like positions, of like phase, as V and o', is called the wave- 
length ; and the time required for this completed movement is called the 
time of vibration. The intensity of the light varies with the amplitude of 
the vibrations, and the color depends upon the length of the waves ; the 
wave-lengths of the violet rays are shorter than those of the red rays. 

Two waves of like phase, propagated in the same direction and of equal 
intensity, on meeting unite to form a wave of double intensity (double 
amplitude). If the waves differ in phase by half a wave-length , or an odd 
niultijde of this , they interfere and extinguish each other. For other rela- 
tions of phase they are also said to interfere , forming a new resultant wave, 
differing in phase and amplitude from each of the component waves; if 
they are waves of white light, their interference is indicated by the appear- 
ance of the successive colors of the spectrum. The propagation of the 
vibration- waves of light is sometimes compared to the effect produced 
when a pebble is thrown in a sheet of quiet water— a series of concentric 
circular waves are sent out from the point of agitation. These waves con- 
sist in the transverse vibration of the particles of water, the waves move 
forward, but the water simply vibrates to and fro vertically. 

The waves of light are propagated forward, in an analogous manner, in 
all directions from the luminous point, and the surface which contains all 
the particles which commence their vibrations simultaneously is called the 
wave-surface (Wellenflache, Germ.). 

If the propagation of light goes on with the same velocity in all direc- 
tions in a homogeneous medium, the wave-surface is obviously that of a 
sphere and the medium is said to be isotrope. If it takes place with dif- 
ferent velocities in different directions in a body, the wave-surface is some- 
times an ellipsoid, but never spherical, as Is shown later; such a body is 
called anisotrope. 

All the phenomena of optics are explained upon the supposition of waves 
of light , whose change of direction accompanies refraction, whose interfer- 
ence produces the colored bands of the diffraction spectra, etc. For the 
full discussion of the subject reference must be made to works on optics. 
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Refraction . — A ray of light passing throngh a homogeneous medium is 
always propagated in a straight line without deviation. When, however, 
the light-ray passes from one medium to another, which is of different 
density, it suffers a change of direction, which is called refraction. For in- 
stance, in f. 375, if ca is a ray of light passing from air into water, its path 
will be changed after passing the surface at 
a, and it will continue in the direction ab. 

Conversely, if a ray of light, 5a, pass from 
the denser medium, water, into the rarer 
medium, air, at a , it will take the direction 
ac. 

If now mao is a perpendicular to the sur- 
face at a, it will be seen that the angle cam, 
called the angle of incidence (i) of the ray 


and the law is expressed as follows: 

A ray of light in pawing from a rarer 
fo a denser medium is refracted towards 
the perpendicular • if from a denser to a rarer medium it is refracted 
away from the perpendicular. 

A further relation has also been established by experiment : however 
great or small the angle of incidence, cam (i), may be, there is always a 
constant relation between it and the angle of refraction, yam (r), for two 
given substances, as here for air and water. This is seen in the figure where 
af and da are the sines of the two angles, and their ratio (= $ nearly) is 
the same as that of the sine of any other angle of incidence to tiie sine of 
its angle of refraction. This principle is expressed as follows: 

The sine of the angle of incidence bears a constant ratio to the sine of 
the angle of ref r action. 

This constant ratio between these two angles is called the index of ref mo- 
tion, or simply n. In the example given for air and water = 1.335, 

and consequently the value of the index of refraction, or n, is 1.335. 

The following table includes the values of n fur a variety of substances. 
For all crystallized minerals, except those of the isometric system, the index 
of refraction has more than one value, as is explained in the pages which 
follow. 


Ice 


Calcite 

1.654 

Water 

1.335 

Aragonite 

1.693 

Fluorite 

1.436 

Boracite 

1.701 

Alum 

1.457 

Garnet 

1.815 

Chalcedony. . 

1.553 

Zircon 

1.961 

Rock-salt 

1.557 

Blende 

2.260 

Quartz 

1.548 

Diamond 

2.419 


ca is greater than the angle bao, called the 
angle of refraction (r), and what is observed 
in this case is found to he universally true. 



Ii> the principle which has been stated, = n , twe points are to be 
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noted. First, if the angle i = 0°, then sin i = 0, and obviously also r = 0, 
in other words, when the ray of light coincides with the perpendicular no 
refraction takes place, the ray proceeding onward into the second medium 
without deviation. 

Again, if the angle i = 90°, then sin i = 1, and the equation above be- 
comes -r— — = ft, or sin r = — . As n has a fixed value for every substance, 
sin r n J 

it is obvious that there will also be a corresponding value of the angle r 
for the case mentioned. From the above table it is 6een that for water 


870 

N 



sin r = and T = 48 0 35' ; for diamond, sin r = and r — 24° 25'. 

In the example employed above, if the angle boo (f) = 48° 35', the line ac 
will coincide with of, supposing the light to go from b to a . If r is greater 
than 48° 35', the ray no longer passes from the water into the air, but suffers 
total reflection at the surface a. This value of r is said to be the limiting 
value for the given substance. The smaller it is the greater the amount of 
light reflected, and the greater the apparent brilliancy of the substance in 
question. This is the explanation of the brilliancy of the diamond. 

Determination of the index of refraction .* — fey means of a prism, as 

MNP in f. 376, it is possible to determine 
the value of n, or index of refraction of a 
given substance. The full explanation of 
this subject belongs to works on optics, but 
a word is devoted to it here. If the material 
is solid, a prism must be cut and polished, 
with its edge in the proper direction, and 
having not too small an angle. If the refrac- 
tive index of a liquid is required, it is placed 
within a hollow prism, with sides of plates of glass having both surfaces 
parallel. 

The angle of the prism, MNP (a), is, in each case, measured in the 
same manner as the angle between two planes of a crystal, and then the 
minimum amount of deviation (8) of a monochromatic ray of light passing 
from a slit through the prism is also determined. The amount of deviation 
of a ray in passing through the prism varies with its position, but when the 
prism is so placed that the ray makes equal angles with the sides of the 
prism {% = i', f. 376), both when entering and emerging, this deviation has 
* fixed minimum value. 

If S = the minimum deviation of the ray, and 

a = the angle of the prism, then n = B * n j) a 

° r i sm i<x 

In determining the value of n for different colors, it is desirable to employ 
rays of known position in the spectrum. 

Double refraction . — Hitherto the existence of only one refracted ray has 
been assumed when light passes from one medium to another. But it is 
a well-known fact that there are sometimes two refracted rays. The most 
familiar example of this is furnished by the mineral calcite, also called on 
account of this property u doubly-refracting spar.” 

If mnop (f. 377) be a cleavage piece of calcite, and a ray of light meets 


* See further on p. 177. 
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it at £, it will, in passing through, be divided into two rays, 5<?, bd 
Similarly a line seen through a piece of ealeite ordi- 
narily appears double. 

It will be seen, however, that the same property is 
enjoyed by the great majority of crystallized minerals, 
though in a less striking degree. 

Reflection . — When a ray of light passes from one 
medium to another, for example, from air to a denser 
substance, as has been illustrated, the light will he par- 
tially transmitted and refracted by the latter, in the 
manner illustrated, but a portion of it (the ray a<j^ in f. 375), is always 
reflected back into the air. The direction of the reflected ray is known 
in accordance with the following law: 

The angles of incidence and reflection are equal . — In f. 375 the angle 
cam is equal to the angle mag. 

The relative amount of light reflected and transmitted depends upon the 
angle of incidence, and also upon the transparency of the second medium. 
If the surface of the latter is not perfectly polished, diffuse reflection will 
take place, and there will be no distinct reflected rav. 

. Still another important principle, in relation to the same subject, remains 
to be enunciated: The rays of incidence, reflection , and refraction all lie 
in the same plane. 

Dispersion . — Tims far the change in direction which a ray of light suffers 
on retraction has alone been considered. It is also true that the amount 

refraction differs for the different colors of which ordinary white light 
is composed, being greater for blue than for red. In consequence of this 
fact, if a ray of ordinary light pass through a prism, as in f. 37<>, it will 
not only be refracted, but it will also be separated into its component colors, 
thus forming the spectrum. 

This variation for the different colors depends directly upon their wave- 
lengths; the red rays have longer waves, and vibrate more slowly, and 
hence suffer less refraction than the violet rays, for which the wave-lengths 
are shorter and the velocity greater. 

Interference < flight / diffraction . — When a ray of monochromatic light 
is made to pass through a narrow slit, or by the edge of an opaque body, 
it is diffracted , and there arise, as may he observed upon an appropriately 

I daced screen, a series of dark and light hands, growing fainter on the outer 
imits. Their presence, as has been intimated, is explained in accordance 
with the undulatory theory of light, as due to the interference , or mutual 
reaction of the adjoining waves of light. If ordinary light is employed, 
the phenomena are the same and for the same causes, except that the hands 
are successive spectra. Diffraction gratings, consisting of a series of ex- 
tremely fine lines very closely ruled upon glass, are employed for the same 
purpose as the prism to produce the colored spectrum. The familiar 
phenomena of the colors of thin plates and of Newton’s rings depend upon 
the same principle of the interference of the light waves. This subject is 
one of the highest importance in its connection with the optical properties 
of crystals, since the phenomena observed when they are viewed, under 
certain circumstances, in polarized light are explained in an analogous 
manner. (Compare the colored plate, frontispiece.) 
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Polarization by reflection . — By polarization is. understood, , in general, 
that change in the character of reflected or transmitted light which dimin- 
ishes its power of being further reflected or transmitted. In accordance 
with the undulatory theory of light a ray of polarized light is one whose 
vibrations take place in a single plane only. # . 

Suppose (f. 378) mn and op to be two parallel mirrors, say simple 
polished pieces of black glass ; a ray of light, AB , 
will be reflected from mn in the direction BC, 
and meeting op, will be again reflected to 1 ) 
When, as here, the two mirrors are in a parallel 
position, the plane of reflection is clearly the 
same for both, the angles of incidence are equal, 
and the rays AB and CD are parallel. The ray 
CD is polarized , although this does not show 
itself to the eye direct. 

Now let the mirror, op, be revolved about BC 
as an axis, and let its position otherwise be un- 
changed, so that the angles of incidence still 
remain equal, it will be found that the reflected 
ray, CD, loses more and more of its brilliancy as 
the revolution continues, and when the mirror, 
op , occupies a position at right angles to its 
former position, the amount of light reflected will be a minimum, the 
planes of reflection being in the two cases perpendicular to one another. 

If the revolution of the mirror be continued with the same conditions as 
before , and in the same direction , the reflected ray will become brighter 
and brighter till the mirror has the position indicated by the dotted line , 
op', when the planes of reflection again coincide, and the reflected ray, CD', 
is equal in brilliancy to that previously obtained for the position CD . 

The same diminution to a minimum will be seen if the revolution is con- 
tinued 90° farther, and the reflected ray again becomes as brilliant as before 
when the mirror resumes its first position op. 

In the above description it was asserted that, when the planes of inci- 
dence of the mirrors were at right angles to each other, the amount of light 
reflected would be less than in any other position, that is a minimum. For 
one single position of the mirrors, however, as they thus stand perpendicular 
to each other, that is for one single value of the angle of incidence, the 
light will be practically extinguished, and no reflected ray will appear 
from the second mirror. 

The angle of incidence, ABII \ for this case is called the angle of polar- 
ization, and its value varies for different substances. It was shown further 
by Brewster that : 

The angle of polarization is that angle whose tangent is the index of 
refraction of the reflecting substance, i.e., tan i = n. 

Exactly the same phases of change would have been observed if the 
upper mirror had been revolved in a similar manner. The first mirror is 
often called th e polarizer, the second the analyzer. 

This change which the light suffers in this case, in consequence of re- 
flection, is called polarization . 

In order to give a partial explanation of this phenomenon and to make 
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the same subject intelligible as applied to other cases in which polarization 
occurs, reference must be made to the commonly received theory of the 
nature of light already defined. 

The phenomena of light are explained, as has been stated, on the assump- 
tion that it consists of the vibrations of the ether, the vibrations being 
transverse, that is in a plane perpendicular, to the direction in which the 
light is propagated. These vibrations in ordinary light take place in all 
directions in this plane at sensibly the same time ; strictly speaking, the 
vibrations are considered as being always transverse, but their directions 
are constantly and instantaneously changing in azimuth. Such a ray of light 
is alike on all sides or all around the line of propagation, Ah, f. 374. 
A ray of completely polarized light, on the other hand, has vibrations in 
one direction only, that is in a single plane. 

These principles may be applied to the case of reflection already de- 
scribed. The ray of ordinary light, AB , lias its vibrations sensibly simul- 
taneous in all directions in the plane at right angles to its line of propaga- 
tion, while the light reflected from each mirror has only those vibrations 
which are in one direction, at right angles to the plane of reflection — 
supposing that ihe mirrors are so placed that the angle of incidence 
(Ali II) is also the angle of polarization. 

If the mirror occupy the position represented in f. 378, the ray of light, 
B C, after being reflected by the first mirror, mn , contains that part of the 
vibrations whose direction is normal to its plane of reflection called the 
plane of pohirizat ion. This is also true of the second mirror, and when 
they are parallel and their planes of reflection coincide, the ray of light is 
reflected a second time without additional change. 

If, however, the second mirror is revolved in the way described (p. 130), 
less and less of the light will be reflected by it, since a successively smaller 
part of the vibrations of the ray BC take place in a direction normal to 
its plane of reflection. And when the mirrors arc at right angles to each 
other, after a revolution of op 90° about the line BC as an axis, impart of 
the vibrations of the ray BC are in the plane at right angles to the reflec- 
tion-plane of the second mirror, and hence the light is extinguished. 

By reference to f. 375 this subject may he explained a little more broadly. 

It was seen that of the ray ca, meeting the surface of the water at a, part is 
reflected and part transmitted in accordance with the laws of reflection 
and refraction. It has been shown further that the reflected ray is polar- 
ized, that is, it is changed so that the vibrations of the light take place in 
one direction, at right angles to the plane of incidence, ft is also true that 
the refracted ray is polarized , it containing only those vibrations which 
were lost in the reflected ray, that is, those which coincide with the plane 
of incidence and reflection. • 

It was stated that the vibrations of the polarized reflected ray take place 
at right angles to the plane of polarization. This is the assumption which 
is commonly made; but all the phenomena of polarization can be equally 
well explained upon the other supposition that they coincide with this 
plane. 

The separation of the ray of ordinary light into two rays, one reflected 
the other refracted, ribrating at right angles to each ether, takes place most 
completely when the reflected and refracted rays are 90° from one another, 
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as proved by Brewster. From this fact follows the law already stated; 
that the tangent of the angle of polarization is equal to the index of re- 
fraction. The angle of polarization for glass is about .>4 3b. 

This separation is in no case absolutely complete, but vanes with diner* 
ont substances. In the case of opaque substances the vibrations belonging 
to the refracted ray are more or less completely absorbed (compare remarks 
on color, p. 168). Metallic surfaces polarize the light very slightly. 

Polarisation by means of thin plates of glass . — It has been explained 
that the light which has been transmitted and refracted is always at least 
in part polarized. It will be readily understood from this fact that when a 
number of glass plates are placed together, the light which passes through 
them all will be more and more completely polarized as their number is 
increased. This is a second convenient method of obtaining polarized 


Polarization by means of tourmaline plates . — The phenomena of polar- 
ized light may also be shown by means of tourmaline plates. If from 
a crystal of tourmaline, which is suitably transparent, two sections be 
obtained, each cut parallel to the vertical axis, it will be found that 
these, when placed together w r ith the direction of their axes coinciding, 
allow the light to pass through. If, however, one section is revolved upon 
the other, less and less of the light is transmitted, until, when their axes are 
at right angles (90°) to each other, the light is (for the most part) extin- 
guished. As the revolution is continued, more and more light is obtained 
through the sections, and after a revolution of 180°, the axes being again 
parallel, the appearance is as at first. A further revolution (270°) brings 
the axes again at right angles to each other, when the light is a second time 
extinguished, and so on around. 

The explanation of these phenomena, so far as it can be given here, is 
analogous to that employed for the case of polarization by re- 
379 flection . Each plate so affects the ray of light that after 

having passed through it there exist .vibrations in one direction 
only , and that parallel to the vertical axis , the other vibrations 
being absorbed. If now the two jdates are placed in the same 
position , abdo , and efgh (f. 379), the light passes through both 
in succession. If, however, the one is turned upon the other, 
only that portion of the light can pass through which vibrates 
still in the direction ac. This portion is determined by the 
resolution of the existing vibrations in accordance wu’th the 



principle of the parallelogram of forces. Consequently, wdien the sections 
stand at right angles to each other (f. 380) the amount of 
transmitted light is nothing (not strictly true), that is, the 
light is extinguished. 

The tourmaline plates, which have been described, are 
mounted in pieces of cork and held in a kind of wire 

E incers (f. 381). The object to be examined is placed 
etween them and supported there by the spring in I lie 
wire. In use they are held close to the eye, and in 
this position the object is viewed in converging polarized light. 

polarization by means of Nicol prisms . — The most convenient method 
of obtaining polarized light is by means of a Nicol prism of calcite. A 
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cleavage rhombohedron of ealeite (the variety Iceland spar is universally 
used in consequence of its transparency) is obtained, having four large and 
two small rhombohedral faces opposite each other. In place of the latter 


planes two new surfaces are cut, making angles of 68° (instead of 71°) with 
the obtuse vertical edges; these then form the terminal faces of the prism. 
In addition to this, the prism is cut through in the direction 1111 (f. #82), 
the parts then polished and cemented together again with 
Canada balsam. A ray of light, ab } entering the prism 88* 

is divided into two rays polarized at right angles to each 
other. One of these, be, on meeting the layer of balsam 
(whose refractive index is greater than that of calcite) 
suffers total reflection (p. 128), and is deflected against the 
blackened sides of the prism and extinguished. The other 
passes through and emerges at a completely polarized V.] 

ray of light, that is. a ray with vibrations in one direction 
only, and that the direction of the shorter diagonal of the j 

prism (f. 3S3). j 

It is evident that two Nicol prisms can be used together I | 

in the same way as the two tourmaline plates, or the two y 7 A 

mirrors; one is (tailed the jwlnrizer, and the other the 
analyzer. The plane of polarization of the Nicol prisms / - | 

has the direction PP{ f. 383) at right angles to which the 
vibrations of the light take place. A ray of light pass- ^ 

ing through one Nicol will he extinguished by a second ' 

when its plane of polarization is at right angles to that of J 

the first prism ; in this case the Nieols are said to he 
crossed. The Nicol prisms have the great advantage over the tourmaline 
plates, that the light they transmit is uncolored and more completely 
polarized. 

Either a tourmaline plate or a Nicol prism K83 


may also he used in connection with a reflecting 
mirror. The light reflected by such a mirror 
vibrates in a plane at right angles to the plane of 

incidence (plane of polarization); that trails- i* — i flZl — p 

mitted by the Nicol prism vibrates in the direc- - dmmj) 

tion of the shorter diagonal (f. 383). lienee, 
when the plane of this diagonal is at right angles 
to the plane of polarization of the mirror, the re- 
flected ray will passthrough the prism ; but when the two planes mentioned 
coincide, the planes of vibration are at right angles and the reflected ray ifl 
extinguished by the prism. # 
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Polariicove* *— TlieNieol prisms, when ready for use, are mounted in an 
npnght instrument, called aj wlariscope. Sometimes parallel, and some- 
times converging, light is required in the investigations tor which I the mstru- 
ment is used. Fig 384 shows the polarization-microscope of Norrenberg 



385 



as altered and improved by Groth (see 
Literature, p. 160). The Nicol prisms 
are at d and r , and are so mounted as 
to admit of a motion of revolution in- 
dependent of the other parts of the in- 
strument. The lense e causes the light 
from the ordinary mirror, a , to pass as a 
cone through the prism d , and the lenses 
at h converge the light upon the plate 
to be examined placed at i . The other 
lenses (o) above act as a weak microscope, 
having a field of vision of 130°. The 
stage (l and k\ carrying the object, admits 
of a horizontal revolution. The distance 
between the two halves of the instrument 


is adjusted by the screws m and n* 

when parallel light is required, a similar instrument is employed, which 
has, however, a different arrangement of the lenses, as shown in f. 385. 
The objects for which these instruments, as well as the tourmaline plates, 
are employed , will be found described in the following pages. 

The Nicol prisma are often used as an appendage to the ordinary com- 
pound microscope, and in this form are important as enabling us to examine 
very minute crystals in polarized lightt 


* See further on pp. 178, 179. 


f See pp. 182 et seq . 
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DISTINGUISHING OPTICAL CHARACTERS OF THE CRYS- 
TALS OF THE DIFFERENT SYSTEMS. 

It has already been remarked that all crystallized minerals group them- 
selves into three grand classes, which are distinguished by their physical 
properties, as well as their geometrical form : 

A . Isometric, in which the crystals are developed alike in all the several 
axial directions. 

B . Isodiametric , including the tetragonal and hexagonal systems, whose 
crystals are alike iu the directions of the several lateral axes/ but vertically 
the development is unlike that laterally. 

C. Anisometric , embracing the three remaining systems, where the crys- 
tals are developed in the three axial directions dissimilarly. 

Between these classes there axe many oases of gradual transition in crystalline form, and, 
similarly and necessarily, in optical character. The line between uniaxial and biaxial 
crystals, for instance, cannot be considered a very sharply defined one.* 


A. Isometric Crystals. 

General Optical Character. 

All isometric crystals are alike in this respect that they simply refract, 
but do not doubly refract the light they transmit. They are optically 
isotrope . This follows directly from the symmetry of the crystallization. 
In the language of Fresnel, the elasticity of the light-ether is throughout 
them the same, and the light is propagated in every direction witli the 
same velocity. There is, consequently, but one value of the index of refrac- 
tion. The wave-surface is spherical. This class also includes all trans- 
parent amorphous substances, like glass. 


Optical Investigation of Isometric Crystals. 

In consequence of their isotropic character, isometric crystals exhibit no 
special phenomena in polarized light. Sections of isometric crystals may 
be always recognized as such by the fact that they behave as an amorphous 
substance in polarized light; in other words, when the Nicol prisms are 
crossed they appear dark, and a revolution of the section in any plane pro- 
duces no change in appearance. Similarly they appear light when placed 
between parallel Nicols. Some anomalies are mentioned on p. 158. 

Isometric crystals have but a single index of refraction, and that may be 
determined in the way described by means of a prism cut with its edge in 
any direction whatever. 

Crystals of the second and third classes are optically anisotropy. 

* 8ee pp. 1&> efc seq. 
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JJ. Uniaxial Crystals. 


General Optical Cho/vactCT* 

In the isodiametric crystals, those of the tetragonal and hexagonal sys. 
terns, there is crystallographically one axial direction, that of the vertical 
axis, which is distinguished from the other lateral directions which are 
among themselves alike. So also the optical investigations of these crystals 
show that with reference to the action of light there exists a similar kind 
of symmetry. Light is propagated in the direction of the vertical axis with 
a velocity different from that with which it passes in any other direction, 
but for all directions at right angles to the vertical axis, or all directions 
making the same angle with it, the velocity of propagation is the same. 
In other words, the elasticity of the ether in the direction of the vertical 
axis is either greater or less than that in directions normal to it (analogous 
to the crystal lographical relation c £ a ), while in the latter directions it is 
everywhere alike. 

Optic axis . — Let a ray of light pass through 
the crystal in the direction of the vertical axis, 
ah , in f. 386, its vibrations must take place in 
the plane at right angles to this axis ; but in all 
directions in this plane the elasticity of the ether 
is the same, hence for such a ray the crystal must 
act as an isotrope medium ; and the ray is con- 
sequently not doubly refracted and not polarized. 
Tliis direction is called the optic axis.* 
r .. 7 Double ref faction. — If, on the other hand, the 

rav ot light passes through the crystal in any other direction, it is divided 
into two rays, or doubly refracted (see f. 377), and this in consequence of 
the difference ill the elasticity of the ether in the plane in which the vibra- 
tions take place. Of these two rays, one follows the law of ordinary 
refraction, and this is called the ordinary ray ; the other does not conform 
to tins law, and is called the extraordinary ray. Loth these rays are polar- 
ized, and in planes at right angles to each other; the vibrations of the 
extraordinary ray take place in the plane passing through the incident ray 
and vertical axis, called the principal section, those of the ordinary ray 
are in a plane at right angles to this. 

Waves a/ face of the ordinary ray. — The meaning of the statement that 
the ordinary ray follows the law of the simple refraction is this: — the index 
of refraction (a>) of the ordinary ray has invariably the same value , what- 
ever he the direction in which the light passes through the crystal ; the 
amount of deviation from the perpendicular is always in accordance with 

the law = n (o>). In other words, the ordinary ray is propagated in 

all directions in the medium with the same velocitv ; and hence the wave- 



* It will be understood that the optic axis is always a direction , not a fixed line in the 

crystals. 
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surface is that of a sphere. Moreover, the ordinary ray always remains in 
the plane of incidence. 

Wave-surface of the extraordinary ray.— For the extraordinary ray the 
law of simple refraction does not hold good. If experiments be made upon 
any uniaxial crystal, it will be found that the two rays are most separated 
when (1) the light falls perpendicular to the vert-icaraxis. As its inclina- 
tion toward the axis is diminished, the extraord inary ray approaches the 
ordinary ray, and coincides with it when (2) the light passes through par* 
allel to the vertical axis. The index of refraction of the extraordinary ray 
varies in value, being most unlike a> for the first case supposed when the 
vibrations of the extraordinary ray are parallel to the axis (when it is 
called e), and is equal to o> for the second case supposed. The velocity of 
this ray is then variable in a corresponding manner. The wave-surface of 
the extraordinary ray is an ellipsoid of rotation. Moreover it ordinarily 
does not remain in the plane of incidence. 

Two cases are now’ possible : the index (a>) of the ordinary ray may be (1) 
greater than that of the extraordinary ray (e), in which case the velocity of 
the light in the direction of the vertical axis is less than that in any othei 
direction ; or (2) o> may be less than e, and in this case the velocity of pro- 
pagation for the light has its maximum parallel to the vertical axis. The 
former are called negative , the latter positive crystals. The fact alluded 
to here should he noted that the value of the refractive index is inversely 
proportional to the velocity of the light, or elasticity of the ether, in the 
given direction. 

Negative crystals • Wave-surface. — Forcaloite co =1*054, e = 1*483, it is 
hence one of the class of negative crystals. The former value (a>) belongs 
to the ray vibrating at right, angles to the vertical axis, and the latter value 
(e) to the ray with vibrations parallel to the axis. As has been stated, the 
refractive index for the extraordinary ray increases from 1.483 to 1.054, as 
the ray becomes more and more nearly 
parallel to the vertical axis. Fig. 387 illus- 
trates graphically the relation between the 
tw r o indices of refraction, and the correspond- 
ing velocities of the rays ; ab represents the 
direction of the vertical axis, that is, the optic 
axis. Also ma , mb represent the, velocity 
of the light parallel to this axis, correspond- 
ing to the greater index of retraction (1*054). 

The circle described with this radius will 
represent the constant velocity of the ordi- 
nary ray in any direction whatever. Let 
further md \ me represent the velocity of the extraordinary my passing at 
right, angles to the axis , hence corresponding to the smaller index ;>f 
refraction (1*483). The ellipse, whose major and minor axes are cd 
and ab , will express the law* in accordance with which the velocity of the 
extraordinary ray varies, viz., greatest in the direction rruf lca4 in the 
direction ab in which it coincides with the ordinary ray. For any inter- 
mediate direction, hgm , the velocity will be expressed by the length of the 
line, hm. 

Now let this figure be revolved about the axis ab ; there will be genet ated 
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» circle within an oblate ellipsoid of rotation (f. 388). The surface of th* 

sphere is the wave-surface of the ordinary ray* 
and that of the ellipsoid of the extraordinary 
ray ; the line of their intersection is the optic 
axis. 

In f. 377, p. 147, the ray of light is 6hown 
divided into two by the piece of caleite ; of 
these, bd, which is the more refracted, is the 
ordinary ray, and be, which is less refracted, is 
the extraordinary ray. 

Positive crystals / Wave-surface, — For 
quartz o> = 1*548, e — 1*558. The index of 
refraction for the ordinary ray (o>) is less than that of the extraordinary ray 
(e ) ; quartz lienee belongs to the class of positive crystals. The value of e 
(1*558) for the extraordinary ray corresponds to the direction of the ray at 
right angles to the vertical axis, when its vibrations are parallel to this axis. 
As the direction of the ray changes and becomes more and more nearly par- 
allel to the axis, the value of its index of re- 
fraction decreases, and when it is parallel to the 
latter, it has the value 1*548. The extraordin- 
ary ray then coincides with the ordinary, and 
there is no double refraction ; this is, as be- 
fore, the line of the optic axis. The law for 
both rays can be represented graphically in 
the same way as for negative crystals. In 
f. 389, amb is the direction of the optic axis; 
let ma, mb represent the velocity of the ordin- 
ary ray, which corresponds to the least re- 
tractive index (1*548), the circle afbe will 
express the law for this j ay, viz., the velocity 
the same in every direction . Moreover ; let 
7nd, me represent tlw velocity of the extraor- 
dinary ray, at right angles to the axis, which corresponds to the maximum 
refractive index (1*558); the ellipse, udbc y will express the law for velocity 
of the extraordinary my, viz , least in the direction md , and greatest in the 
direction ab , when it is equal to that of the ordinary iay, and varying 
uniformly between these limits. If the figure be revolved as before, there 
will be generated a sphere, whose surface is the wave-surface of the ordin- 
ary ray, and within it a prolate ellipsoid whose surface represents the 
wave-surface of the extraordinary ray. 

The following list includes examples of both classes of uniaxial crystals : 



Negative ct'ystah (— ), 
Caleite, 

. Tourmaline, 
Corundum, 

Beryl, 

Apatite. 


Positive crystals (-f ), 
Quartz, 

Zircon, 

Hematite, 

Apophyllite, 

Cassiterite. 


It may be remarked that in some species both 4- and — varieties have 
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been observed. Certain crystals of apophyllite are positive for one 
end of the Bpectrnm and negative for the other, and consequently for some 
color between the two extremes it has no doable refraction. 

These principles make the explanation of the use of tourmaline plates and oaloite prisma 
as polarizing instruments (p. 150 ) more intelligible. 

The two rays into which the single ray is divided on passing through a uniaxial crystal are, 
as has been said, both polarized, the ordinary ray in a plane passing through the vertioai 
&»» and the extraordinary ray perpendicular to this. In a tourmaline plate of the proper 
thickness, out parallel to the axis c % the ordinary ray is absorbed (for the most part) and the 
extraordinary ray alone passes through, having its vibrations in the direction of the vertical 
axis. 

In the calcite prism, of the two refracted and polarized rays, the ordinary ray is disposed of 
artificially in the manner mentioned (p. 151), and the extraordinary ray alone passes through, 
vibrating as already remarked, in the direction of the axis c, or, in other words, of the 
shorter diagonal of the Nicol prism . 

The relation of these phenomena to the molecular structure of the crystal is well shown 
by the effect of pressure upon a parallelepiped of glass Glass, normally, exhibits no colored 
phenomena in polarized light, since the elasticity of the ether is the'Bame in all directions, 
and there is hence no double refraction. But if the block be placed under pressure, exerted 
on two opposite faces, the conditions are obviously changed, the density is the same in the 
both lateral directions but differs from that in the direction of the axis of pressure. Tho sym- 
metry in molecular structure becomes that of a uniaxial crystal, and, os would be expected, 
on placing the block in the polari scope, a black cross with its colored rings is observed, exactly 
as with calcite. Similarly when glass has been suddenly and unevenly cooled its molecular 
structure is not homogeneous, and it will be found to polarize light, although the phenomena, 
for obvious reasons, will not have the regularity of the case described. 

It may be added here that recent investigations by Mr. John Kerr have shown that eleotii* 
aity calls out birefringent phenomena in a block of glass. (Phil. Mag., 1., 337.) 


Optical Investigation of Uniaxial Crystals . 

Sections normal or parallel to the axis in polarized light . — Suppose a 
section to be cut perpendicular to the vertical axis (axial section), it has 
already been shown that a ray of light passing 1 through the crystal in this 
direction suffers no change , consequently, such a section examined in 
parallel polarized light, in the instrument (f. 385), appears as a section of 
an isometric crystal 

If the same section be placed in the other instrument (f. 384, p. 152), 
arranged for viewing the object in converging light, or in the tourmaline 
tongs, a beautiful phenomenon is observed ; a symmetrical black cross — 
when the Nicola or tourmaline plates are crossed —with a series of concentric 
rings, dark and light, in monochromatic light, but in white light, showing 
the prismatic colors iu succession in each ring. This is shown without the 
colors in f. 390, the arrangement of the colors in the elliptical rings of the 
colored plate (frontispiece ) is similar. 

This cross becomes white when the Nicols or tourmalines are in a par- 
allel position, and each hand of color in white light changes to its comple- 
mentary tint (f. 391). These interference figures are seen* in this form 
only in a plate cut perpendicular to the vertical axis, and marks the uni- 
zxial character of the crystal. 

The explanation of this phenomenon can be only hinted at in this place 

* Uniaxial crystals which produce* circular polarization exhibit interference figures which 
differ somewhat from those described. Some anomalies are mentioned on p. 158. See also 
pp. 185 et seq. 
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AH the rays of light, whose vibrations coincide with the vibration -planet 
Of either of the crossed Nicols, must necessarily be extinguished. Thit 

S ives-rise to the black cross in the centre, with its artns in the direction of 
io planes mentioned. All other rays passing through the given plate 
obliquely will be doubly refracted, and after passing through the second 
Nicol, thus being referred to the same plane of polarization, they will 

890 891 




infe/fere, and will give rise to a series of concentric rings, light and dark 
m homogeneous light, but. in ordinary light showing the successive colors of 
the spectrum. In regard to the interference of polarized rays, the fact must 
be stated that that can take place only when they vibrate in the same plane; 
two rays vibrating at right angles to each other cannot interfere. These 
interference phenomena are similar to the successive spectra obtained by 
diffraction gratings alluded to on p. 129. It is evident that, in order to 
observe the phenomena most advantageously, the plate must have a suitable 
thickness, which, however, varies with the refractive index of the substance 
The thicker the plate the smaller the rings and the more they are crowded 
together ; when the thickness is considerable, only the black brushes are 
seen. 

a Section parallel {or sharply inclined) to the axis . — If a section of a uni- 
axial crystal, cut parallel or inclined to the vertical axis, be examined in 
parallel polarized light, it will, when its axis coincides with the direction 
of vibration of one of the Nicol prisms , appear dark when the prisms are 
crossed. If, however, it he revolved horizontally on the stage of the polari- 
pcope (/, /, f. 381) it will appear alternately dark and light at intervals of 45°, 
dark under the conditions mentioned above, otherwise more or less light, the 
maximum of light being obtained when the axis of the section makes an 
angle of 45 D with the plane of the Nicol. Between parallel Nicols the 
phenomena are the same except, that the light and darkness are reversed. 
When the plate is not too thick the polarized ray, after passing the upper 
Nicol, will interfere, and in white light, the plate will show bright colors, 
which change as one of the Nicols or the plate is revolved. 

Examined in converging light, similar sections, when very thin, show in 
white light a series of parallel colored bands. 

Determination of the indices of refraction co and e . — One prism will 
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suffice for the determination of both indices of refraction, and its edge may 
be either parallel or perpendicular to the vertical axis. J 

(a) If parallel to the vertical axis, the angle of minimum deviation for 
each raj in succession must be measured. The extraordinary ray vibrates 
parallel to, and the ordinary ray at right angles to, the direction of the edge 
of the prism. For convenience it is better to isolate each of the rays in 
succession, which is done with a single Nicol prism. If this is held before 
the observing telescope with its shorter diagonal parallel to the refracting 
edge of the prism, the ordinary ray will be "extinguished and the image of 
the slit observed will be that due to the extraordinary ray. If held with its 
plane of vibration at right angles to the prismatic edge, the extraordinary 
ray will be extinguished and the other alone observed. From the single 
observed angle, for the given color, the index of refraction can be calculated, 
o) or €, by the formula given on p. 128, the angle of the prism being known. 

(7>) If the refracting edge of the prism is perpendicular to the vertical 
axis of the crystal, the same procedure is necessary, only in this case the 
ordinary ray will vibrate parallel to the prismatic edge, and the extraordi- 
nary ray at right angles to it. The two rays are distinguished, as before, by 
a Nicol prism. 

Determination of the positive or negatire character of the double refrac 
turn. — The most obvious way of determining the character of the double 
refraction (« > e or co > e) is to measure the indices of refraction in accord- 
ance with the principles explained in the preceding paragraphs. It is not 
always possible, however, to obtain a prism suitable for this purpose, and in 
any ca^e it is convenient to have a more simple method of accomplishing 
the result. 

To do this, use may he made of a very simple principle : — the + or ~ 
character of a given crystal is determined by observing the effect produced 
when an axial section from it is combined in the polariseope with that of a 
crystal of known character. 

For instance, calcite is negative, and if it he placed in conjunction with 
the section of a positive crystal, the whole effect observed is the same as that 
which would he produced if the original plate were diminished in thickness, 
while, if combined with a negative crystal, it is as if the plate were made 
thicker. It has already been remarked that, as the axial plate of a crystal 
increases in thickness, the number of rings visible in the field of the polari- 
scope increases , and they become more crowded together; but , if the section 
is made thinner , the successive rings widen out and become less numerous. 
One or the other of these effects is produced by the use of the intervening 
section. 

In the case of uniaxial crystals, however, the method which is practically 
most simple is that suggested by Dove — the use of an axial plate of mica of 
a certain thickness. The section required is a cleavage piece of such a 
thickness that the two rays in passing through suffer a difference of phase 
which is equal to a quarter wave-length, or an odd multiple of this. 

Suppose that the section of the crystal to be examined, cut perpendicular 
to the axis, is brought between the crossed Nicols in the polariseope ; the 
black cross and the concentric colored rings are of course visible. Let now, 
while the given section occupies this position, the mica plate he placed upon 
it, with the plane of its optic axes (determined beforehand, and tne direction 
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marked by a line for convenience) making an angle of 45° with the vibra- 
tion-planes of the Nicola; the black cross disappears and there remain only 
two diagonally situated dark spots in the place of it. Moreover, the colored 
curves in the two quadrants with these spots are pushed farther away from 
the centre , than the others. The effect produced is represented in f. 392 
and 1 393. If the line joining these two dark spots stands at right angles 



to the axial plane of the mica, the crystal is positive (f. 392), if this line 
coincides with the axial plane, the crystal is negative (f. 393). The explana- 
tion of this eff <-t is not so simple as to allow of being introduced here ; the 
effect of the mica Vs to produce circular polarization of the light which it 
transmits. 

"With. both, uniax ial and biaxial crystals the Btudent will find it of great assistance always 
to have at his side a good section of a positive and a negative crystal. By comparing the 
phenomena observed in the section under examination with those shown by crystals of known 
character, he will often be saved much perplexity. 

For the investigation of the absorption phenomena of uniaxial crystals 
see p. 165. 


Circular Polarization. 

In what has been said of polarized light, in the preceding pages, it has 
been assumed that a polarized ray was one whose vibrations took place in 
a single plane, so that the plane of polarization at right angles to this was a 
fixed plane. Such a ray is said to be linearly polarized. There are some 
uniaxial crystals, however, which have the power to rotate the plane of polari- 
zation ; the ray is said to be circularly polarized. They manifest this in the 
phenomena observed when an axial section is examined in the polariscope. 

An axial section of a uniaxial crystal normally exhibits, in converging 

r larized light, a black cross with a series of concentric colored circles, 
390, p. 146. If, however, a section of quartz be cut perpendicular to the 
axis and viewed between the crossed Nicols, the phenomena observed^ are 
different from these:— the central portion of the black cross has disap- 
peared, and instead, the space within the inner ring is brilliantly colored. 
Furthermore, when the analyzing Is i col is revolved, this color changes 
from blue to yello.v to rod, and it is found that in some cases thifl 
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change is produced by revolving the Nicol to the right, and in other cases 
to the left . To distinguish between these the first are called right-handed 
rotating crystals, and the others left-handed. The relations here involved 
will be better understood if the quartz section is viewed in parallel mono- 
chromatic light. Under these circumstances a similar plate of calcite 
appears dark when the Nicols are crossed, but with quartz the maximum 
darkness js only obtained when the analyzer has been revolved beyond its 
first position a certain angle ; this angle increasing with the thickness of 
the section, and also varying with the color of the light employed. 

For a section 1 mm. thick in red light, a rotation of the analyzer of 19° 
is required to produce the maximum darkness. For yellow light the 
rotation is 24° with a plate of the same thickness ; with blue, 32°, and so on. 
The rotation of the analyzer with some crystals is to the right, with others 
to the left. 

The explanation of these facts lies in the fact stated above, that the 
quartz rotates the plane of vibration of the polarized light, and the angle of 
rotation is different for rays of different wave-lengths. Furthermore, this 
rotation of the plane of vibration results from the fact that in quartz, even 
in the direction of its axis, double refraction takes place. The oscillations 
of the particles of ether take place not in straight lines but in circles, and 
they move in opposite directions for the two rays, ordinary and extraor- 
dinary. 

, An axial section of a quartz crystal can never appear dark between 
crossed Nicols in ordinary light, since there is no point at which all the 
colors are extinguished ; on the contrary, it appears highly colored. The 
color depends upon the thickness of the section, and is the same as that 
observed in the centres of the rings in converging polarized light. If sec- 
tions of a right-handed and left-handed crystal are placed together in the 
polariscope, the centre of the interference figure is occupied with a four- 
rayed spiral curve, called from the discoverer Airy’s spiral. Twins of 
quartz crystals are not uncommon, consisting of the combination of right • 
and left-handed individual, which sometimes show the spirals of Airy. 

It is a remarkable fact, discovered by llerschel, that the right - or left- 
handed optical character of quartz is often indicated by the position of the 
trapezohedral planes on the crystals. When a given trapezohedral plane 
appears as a modification of the prism, to the right above and left below, 
the crystal is optically right-handed ; if to the left above and right below, 
the crystal is left-hanllei. In f. 394 the plane is, as last remarked, left above 
and right below, and the crystal is hence left-handed. Cinnabar lias been 
shown by Des Cloizeaux to possess the same property as quartz; and this is 
true also of some artificial salts, also solutions of sugar, etc. 

In twins of quartz, the component parts may be both right-handed or 
both left-handed (as in those of Dauphiny and the Swiss Alps) ; or one may 
be of one kind and the other of the other. Moreover, successive layers of 
deposition (made as the crystal went on enlarging, and often exceedingly 
thin) are sometimes alternately right- and left-handed, showing a constant 
oscillation of polarity in the course of its formation ; and, when this is the 
case, and the layers are regular , cross-sections, examined by polarized light, 
exhibit a division, more or less perfect, into sectors of 120 , parallel to the 
plane If, or into sectors of 60 °. If the layers are of unequal thicknesa 
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there are broad areas of colors without sectors. In f. 395 (by l>es Cloizeaux, 
from a crystal from the Dept, of the Aude), half of each sector of 60° is 



right-handed, and the other half left (as shown by the arrows), and the dark 
radii are neutral bands produced by the overlapping of layers of the two 
kinds. These overlapping portions often exhibit the phenomenon of Airy’s 
spiral. 


C. Biaxial Crystals. 

General Optical Character . 

As in the crystalline systems, thus far considered, so also in the anisome- 
tric systems, the orthorhombic, monoclinic, and triclinic, there is a strict corre- 
spondence between the molecular structure, as exhibited in the geometrical 
form of the crystals, and their optical properties. In the crystals of these 
systems there is no longer one axis around about which the elasticity of the 
light-ether, that is, the velocity of the light, is everywhere alike. On the 
contrary, the relations are much less simple, and less easy to comprehend. 
There are two directions in which the light passes through the crystal 
without double refraction — these are called the optic axes, and hence the 
crystals are biaxial — but in every other direction a ray of light is separated 

into two rays, polarized at right angles to 
each other. Neither of these conforms to 
the law of simple refraction. The subject 
was first developed theoretically by Fresnel, 
and his conclusions have since been fully 
verified by experiment. 

Axes of elasticity . — In regard to the 
elasticity of the ether i?i a biaxial crystal 
there are (1) a maximum value, (*) « 
minimum value, and (3) a mean value, and 
these values in the crystal are found in 
directions at right angles to each other. 
In f. 396, CC represents the axis (c) of least elasticity, AA' of greatest 
elasticity (a), and BE’ of mean elasticity (b). A ray passing in the dire©* 
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tion CC vibrates in a plane at right angles, that is, parallel to BB' and 
AA'. Similarly for the ray BB' the vibrations are parallel to A A' and 
CC', and for the ray AA f parallel to BB ' and CC\ Between these 
extreme values of the axes of elasticity, the elasticity varies according to a 
regular law, as will be seen in the following discussion. The form of the 
wave-surface for a biaxial crystal may be determined by fixing its form 
for the planes of the axes a, b, and c. 

Wave-surface . — First consider the case of rays in the plane of the axe* 
BB f and CC' (f. 397V A ray pass- 
ing in the direction BB' is separated 897 

into two sets of vibrations, one paral- c 

lei to A A 1 , corresponding to the itr 

greatest elasticity, moving more 

rapidly than the other set, parallel yS "X 

to CC'. which correspond to the / \ 

least elasticity. The velocities of the / \ 

two sets of vibrations are made pro- / Sk \ 

portion al to the lengths of the lines / \ 

inn, and mo respectively, in f. 397. b 1 ^ p-B 

Again, for a ray in the same plane, 1 

parallel to CC', the vibrations are \ 

(1) parallel to AA, and propagated \ J 

faster (greatest elasticity) than the \ / 

other set; (2) parallel to BB 1 (mean \ S 

elasticity). Again, in f. 397, on the 
line CC, mn", and mq" are made 

C ortional to these two velocities ; 
nui — mn", and for a ray in the 

same plane in any other direction, there will be one set of vibrations 
parallel to AA', with the same velocity as before, ami another set at right 
angles with a velocity between mo and mq ", determined by the ellipse 
whose semi-axes are proportional to the 
mean and least axes of elasticity. 898 

Fig. 397 then represents the section of B 

the wave-surf a<;e through the axes CC 

and BB'. The circle nn" shows the / >v 

constant velocity for all vibrations par- / ^ \ 

allcl to AA', and the ellipse the variable / \ 

values of the velocity for the other set of / \ 

vibrations at right angles to the first. / \ 

Again, for a ray in the plane AA', M 

BB , the method of the construction I ^ 1 

similar. The vibrations will in every \ / 

case take place in the plane at right \ / 

angles to the direction of the ray, which \ / 

plane must always pass through the axis \ ® / 

I VC' of least elasticity. Hence for every \ jr 

direction of the ray in tlie plane men- ^ — Zl— ^ 

tioned, one set of vibrations will always B 

be parallel to CC', and hence be propagated with a constant velocity 
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= mo', f. 398), and hence this is expressed by the circle oo\ The other sol 
of vibrations will be at right angles to CC', and the velocity with which 
they are propagated will vary according as they are parallel to AA' 
(= mn, f. 398), or parallel to BB' (= mq), or some intermediate value for 
an intermediate position. The section of the wave-surface is consequently 
a circle within an ellipse. 

Finally, let the ray pass in some direction in the plane CC', AA', of least and 
greatest elasticity, the section of the wave-surface is also a circle and ellipse. 

Suppose the ray passes in the direction 
parallel to A A', the vibrations will be 
(1) parallel to C(7, and (2) parallel to 
BB', those (1) parallel to CO' (least axis 
of elasticity) are propagated more slowly 
than those (2) parallel to BB ' (axis of 
mean elasticity). In f. 399, on the line 
AA f , lay off md and mq' proportional to 
these two values. 

Again, for a ray parallel to CC ' the 
vibrations will take place (1) parallel to 
AA' , and (2) parallel to BB\ the former 
will be propagated with greater velocity 
than those latter. These two values of 
the velocity in the direction C C' are 
represented by van” and mq" (= mq'). 
For any intermediate position of the ray 
in the same plane there will always be 
one set of vibrations parallel to BB' 
, f. 399, hence the circle). The other set at right angles to these 
will be propagated with a velocity va- 
rying according to the direction, from 
that corresponding to the least axis 
of elasticity (represented by mo’, f. 399), 
to that of the greatest axis of elasticity 
{mn"). 

Oj)tic axes. — It is seen that the cir- 
cle, representing the uniform velocity 
of vibrations parallel to b, and the 
ellipse representing the varying value 
of the velocity for the vibrations at 
right angles to these, intersect one an- 
other at P, P r , f. 399. The obvious 
meaning of this fact is that, for the 
directions mP , and mP', making 
equal angles with the axis CC the 
velocity is the same for both sets of 
vibrations; these are not separated 
from each other, the ray is not doubly 
refracted, and not 'polarized. 

These two directions are called the optic axk 8. AU an isometric crystals 
have, aB has been stated, two optic axes, and are hence called biaxial. 
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The complete wave-surface of a biaxial crystal is constructed from tlu 
tliree sections given in f. 397, 39S, 399. It issliown graphically in f. 400, 
where the lines Pl\ and P' P f are the two optic axes. 

Bisectrices , or Mean-lines. — As shown in f. 399, the optic axes always lie 
in the plane of greatest (a) and least (c) elasticity, and the value of the optic 
axial angle is known when the axes of elasticity are given as stated below. 
The axis of elasticity which, as the line CO\ f. 399. bisects the acute angle 
is called the acute bisectrix , or jirsf mean-line (crate Mittellinie, 6r#m..),and 
that bisecting the obtuse angle, the obtuse bisectrix , or second mean-line 
(zweite Mittellinie, Germi). 

Positive and negative crystals . — When the acute bisectrix is the axis of 
least elasticity (c), it is said to be positive , and when it is the axis of greatest 
(a) elasticity, it is said to be negative . Barite is positive, mica negative. 

Indices of refraction. — It has been seen that in uniaxial crystals there 
are two extreme values for the velocity with which light is propagated, and 
corresponding to them, and inversely proportional to them, two indices of 
refraction. Similarly for biaxial crystals, where there are three axes of elasti- 
city, there are three indices of refraction — a maximum index a, a minimum 7, 
and a mean value ft ; a is the index for the rays propagated at right angles 
to a, hut vibrating parallel to a ; ft is the index for rays propagated perpen- 
dicularly to b, hy vibrations parallel to b ; 7 is the index for rays propagated 


1 o 1 1 

.=-,ff= v t= r 


perpendicularly to c, but vibrating parallel to c- 

If a, ft , and 7 are known, the value of the optic axial angle (2 V) can he 
calculated from them by the following formula: 



Dispersion of the optic axes . — It is obvious that the three indices ol 
refraction may liavc different values for the different colors, and as the angle 
of the optic axes, as explained in the last paragraph, is determined hy these 
three values, the axial angle will also vary in a corresponding manner. 

This variation in the value of the axial angle for rays of different wave 
lengths is called the dispersion of the axes, and the two possible cases are 
distinguished by writing p > v when the angle for the ?ed rays (p) is greater 
than for the blue (violet, v), and p < v when the reverse is true. 

In the properties thus far mentioned, the thrtfe systems are alike ; in 
details, however, they differ widely. 


Practical Investigation of Biaxial Crystals. 

Interference figures . — A section cut perpendicular to either axis will 
show, in converging polarized light, a system of concentric rays analogous 
to those of uniaxial crystals, f. 390, hut more or less elliptical. There is, 
moreover, no black cross, but a single black line, which changes its position 
as the Nicols are revolved. 
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If a section of a biaxial crystal, cut perpendicularly to the first, that ii 
acute, bisectrix, is viewed in the polariscope, a different phenomenon is 
observed. 

There are seen in this case, supposing the plane of the axes to make an angle 
of 45° with the planes of polarization of the crossed Nicols, two black hyper- 
bolas, marking the position of the axes, a series of elliptical curves surround- 
ing the two centres and finally uniting, forming a series of lemniscates. 
If monochromatic light is employed, the rings are alternately light and 
dark ; if white light, each ring shows the successive colors of the spectrum. 
If one of the Nicol prisms be revolved, the dark hyperbolic brushes gradu- 
ally become white, and the colors of the rings take tlie complementary tints 
after a revolution of 90°. Since the black hyperbolic brushes mark the 
P 081 ^ 11 of the optic axes, the smaller the axial angle the nearer together 
are the hyperbolas, and when the angle is very small, the axial ngure 


401 



observed closely resembles the simple cross of a uniaxial ciystal. On the 
other hand, when tl±e axial angle is large the hyperbolas are far apart, and 
m Yin 6 ' 60 * >e 80 ^ ai a P art a8 to l )e hi visible in the held of the polariscope . 

. When the plane of the axes coincides with the plane of vibration for 
either Nicol, these being crossed, an unsym metrical black cniss is observed, 
and also a series of elliptical curves. Both these figures are well exhibited 
on tlie frontispiece ; the one gradually changes into the other as the 
crystal -section is revolved in the horizontal plane, the Nieols remaining 
stationary. 

A section of a biaxial crystal cut perpendicular to the obtuse bisectrix 
will exhibit the same figures under the same conditions in polarized light, 
when the angle is not too large. This is, however, generally the case, and 
m consequence the axes suffer total reflection on tne inner surface of the 
section, and no axial figures are visible. This is sometimes the case also 
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with a section cut normal to the acute bisectrix, when the angle is large. 
A micrometer scale in the polari scope, f. 384, allows of an approximate 
measurement of the axial angle ; the value of each division of the scale 
being known. 

Measurement of the axial angle * — The determination of the angle made 
by the optic axes is of the highest importance, and the method of proce- 
dure offers no great difficulties. Fig. 401 shows the instrument recom- 
mended for this purpose by DesCloizeaux ; its general features will be 
understood without detailed description ; some improvements have been 
introduced by Groth, which make the instrument more accurate and con- 
venient of use. The section of the crystal, cut at right angles to the bisec- 
trix, is held in the pincers at c , with the plane of the axes horizontal, 
making an angle of 45° with the plaue of vibration of the Nieols (NN\ 
There is a cross- wire in the focus of the eye-piece, and as the pincers hom- 
ing the section are turned by the screw F \ one of the axes, that is one black 
hyperbola, is brought in coincidence with 
the vertical cross-wire, and then, by a 
further revolution of F, the second. The 
angle which the section lias been turned 
from one axis to the second, as read off 
at the vernier II on the graduated circle 
above, is the apparent angle for the axes 
of the given crystal as seen in the air 
(aca, f. 402^1. ft is only the apparent 
angle, for, owing to the refraction suffered 
on passing from the section of the crystal 
to the air, the true axial angle is more oi 
less increased, according to the refractive 
index of the given crystal. 

Tliis being understood, the fact already 
stated is readily intelligible, that when the axial angle exceeds a certain 
limit, the axes will suffer total reflection (p. 128), and they will ho no longer 
visible at all. When this is the case, oilf or some other medium with high 
refractive power is made use of, into which the axes pass when no longer 
visible in the air. In the instrument described a small receptacle holding 
the oil is brought between the tubes, as seen in the figure, and the pincers 
holding the section are immersed in this, and the angle measured as before. 

In the majority of cases it is only the acute axial angle that it is practi- 
cable to measure; but sometimes, especially when oil is made use of, the 
obtuse angle can also be determined from a second section normal to the 
obtuse bisectrix. 

If E = the apparent semi-axial angle in air (f. 402). 
j If* = the apparent semi -acute angle in oil. 

( Il 0 = 44 * 4 “ obtuse 44 44 44 

V* = the real (or interior) semi-acute angle (f. 402)* 

V Q = 44 44 * 4 44 semi-obtnse 44 (f. 402), 

u = index of refraction for the oil. 

£ = the mean refractive index for the given crystallized substance. 


403 

ib' 



* See further on p. ISO. 

f Almond oil, which lias been decolorized by exposure to the light, is commonly employed. 
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gin J5T = n sin H* ; sin V* = ^ sin H* ; 


sin F 0 = 


£ Bin 27*. 


These formulas give the true interior angle from the measured apparent 
angle when the mean refractive index (J3) is known. 

If, however, it is possible to measure both the acute and obtuse apparent 
angles, the true angle, and also the value of /3, can be determined from 
them. For sin V 0 = cos V*, hence : 


tan V* = 


sin II* 
sin Jl 0 


sin II* __ sin Il 0 _ sin E 
Bin V* ~~ cos V* ~~ sin F a * 


In measuring this angle, if white light is employed, the colors being 
separated, the position of the hyperbolas is a little uncertain ; hence it is 
always important to measure the angle for monochromatic light, red and 
yellow and blue particularly. This is especially essential where the disper- 
sion of the axes is considerable. 

I) etc r m in ati o n of the indices of refraction.* — The values of the three 
indices of refraction, a, 7 , for biaxial crystals, may be determined from 
three prisms cut with their refracting edges parallel respectively to the 
three axes of elasticity a, b, and c. In catdi ci^e, after the angle of the 
prism has been measured, the angle of minimum deviation must be meas- 
ured for that one of the, two refracted rays whose vibrations are parallel 
to the edge of the prism ; the formula of p. 128 is then employed. 

It is possible, however, to obtain the values of a, and 7 with two 
prisms; in this case one of the prisms must he so made that its vertical edge 
is parallel to one axis of elasticity, while the line bisecting its refracting 
angle at this edge is parallel to a second. I 11 the ease of such a prism the 
minimum deviation of the ray is obtained for both rays, that having its 
vibrations parallel to the prism-edge, and that vibrating at right angles to 
this, that is parallel to the bisector of the prismatic angle. 

Of the three indices of refraction, is one which it is most important to 
determine, since by means of it, in accordance with the above formulas, 
the true value of the axial angle can be calculated from its apparent value 
in air. The prism to give the value of should obviously have its refract 
ing edge parallel to the mean axis of elasticity b, that is at right angles to 
the plane of the optic axes. 

Determination of the positive or negative character of biaxial crystals. 
— The question of the positive or negative character of a biaxial crystal is 
determined from the values of the indices of refraction, where these can be 
obtained. If r, the axis of least elasticity, is the acute bisectrix, the crystal 
is optically positive ; if a, the axis of greatest elasticity, is the acute bisec- 
trix, the crystal is optically negative ; in the former case the value of b is 
nearer that of c than of a, in the second ease the reverse of this is true. 

There is, however, a more simple method of solving the problem, as was 
remarked also in regard to uniaxial crystals. The methods are similar. 

The quarter-undulation mica plate may be employed just as with uniaxial 
crystals, but its use is not very satisfactory excepting when the axial diver- 
gence is quite small. I 11 this case it can be employed to advantage, the 


* See further on pp. 177 et seq. 
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plane of the axes of the crystal investigated being made to coincide with 
the vibration-plane of one of the Nicols. The more general method is the 
employment of a wedge-shaped piece of quartz ; this is so cut that one sur- 
face coincides with the direction of the vertical axis, and the other makes 
an angle of 4° to t>° with it. By this means a section of varying thickness is 
obtained. The section to be examined normal to the acute bisectrix is 
brought between the crossed Nicols of the polariscope (f. 384), and with its 
axial plane making an angle of 45° with the polarization-plane of the 
Nicol prisms ; that is, so that the black hyperbolas are visible. The quartz 
'wedge is now introduced slowly between the section examined and the 
analyzer; in the instrument figured a slit above gives an opportunity to 
insert it. The quartz section is introduced first, in a direction at right 
angles to the axial plane, that is, to the line joining the hyperbolas, of the 
plate investigated ; and second, parallel to the axial plane, that is, in tho 
direction of the line joining the hyperbolas, in one direction or the other 
it will he seen, when the proper thickness of the quartz wedge is reached, 
that the central rings appear to increase in diameter, at the same time 
advancing from the centre to the extremities. 

The effect, in other words, is that which would have been produced by 
the thinniny of the given section. If the phenomenon is observed in the 
first case when the axis of the quartz is parallel to the axial plane, that is 
to tho obtuse bisectrix, it shows that this bisectrix must have an opposite 
sign to the quartz, that is, the obtuse bisectrix is negative, and the acute 
bisectrix position. If the mentioned change in the interference figures 
takes place when the axis of the quartz is at right angles to the axial plane, 
then obviously the opposite must, be true and the acute bisectrix is negative. 

The same effect may be obtained by bringing an ordinary quartz section 
of greater or less thickness, cut normal to the axis, between the analyzer and 
the crystal examined, and then inclining it, first in the direction of the 
axial plane, and again at right angles to it. The method of investigation 
with the quartz wedge can be applied even in those cases where the axial 
angle is loo large to appear in the air. 

For the investigation of the absorption phenomena of biaxial crystals, 
sec p. lfio. 

Distinguishing Optical Characters op Orthorhombic Crystals. 

In the Orthorhombic System , in accordance with the symmetry of the 
crystallization, the three axes of elasticity coincide with the three crystallo- 
graphic axes. Further than thU, there is no immediate relation between 
the two sets of axus in respect to magnitude, for the reason that, as has been 
stated, the choice of the crystallographic axes is arbitrary, and has been 
made, in most cases, without reference to the optical character. 

Schrauf has proposed that the crystallographic vertical axis (r) should be 
always made to coincide with the acute bisectrix, which won Id bo very 
desirable, especially, as urged by him, in showing the true relations between 
the orthorhombic and hexagonal s\ stems. Of course, this suggestion can 
be carried out only in those species in which the optical character is known. 


Sohrauf (Phys. Min., p. 802, 303) has shown there is a close analogy between certain 
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orthorhombic crystals whose prismatic angle is near 120° (compare remarks on twins, p 06] 
Mir> the crystals of the hexagonal system. With these the acute bisectrix is uniformly parallel 
to the prismatic edge, and normal to the six-sided basal plane, analogous to the one optio axis of 
true hexagonal forms. Moreover, he shows that the nearer the prismatic angle approaches 
190°, the less the difference between the three axes of elasticity, and the nearer the approach 
to the uniaxial character. 

By the combination of thin plates of a biaxial mica optical phenomena may, under some 
conditions, be observed in polarized light which are similar to those shown by uniaxial crys- 
tals. Similarly twins of chrysoberyl (p. 97) have been described which in spots gave the 
axial image of uniaxial crystals. This subject has been investigated by Reusch (Pogg. 
cxxxvi., 626, 687, 1869), and later by Cooke (Am. Acad. Sci, Boston, p, 85, 1874). 


Practical Optical Investigation of Orthorhombic Crystals. 

Determination of the plane of the optic axes. — The position of the 
three axes of elasticity in an orthorhombic crystal is always known, since 
they must coincide with the crystallographic axes ; but the plane of the optic 
axes , that is, of the axes of greatest (a) and least (c) elasticity, must in each 
case be determined. This plane will he parallel to one of the three diame- 
tral or pinaeoid planes. In order to determine in which the axes lie, it is 
necessary to cut sections parallel to these three directions ; one of these three 
sections will in nil ordinary cases show', in converging polarized light , the 
interference figures peculiar to biaxial crystals. It is evident , too , that two 
of the three sections named determine the character of the third , so that 
the plane of the optic axes and the position of the acute bisectrix can be in 
practice generally told from them. 

Measurement of the axial angle, p 5 v . — From the section showing the 
axial figures, that is, normal to the acute bisectrix, the axial angle can be 
measured in the manner which lias been described (p. 149). If it is prac- 
ticable to determine also the obtuse axial angle, from a second section nor- 
mal to the obtuse bisectrix, it will be possible to calculate ihe true axial 
angle from these data, and also the mean index of refraction (13). 

There is further to be determined the dispersion of the axes. Whether 

the axial angle for red rays is greater or 
less than for blue (p > v, or p < v) can be 
seen immediately from the figure of the 
axes, as in f. la, IS, in the colored plate, 
(frontispiece). It is obviously true in this 
ease, from f. la, as also f. 1/;, that the angle 
for the blue rays is greater than that for 
the red (p < r), and so in general. This 
same point is also accurately determined, 
of course, by the measured angle for the 
two monochromatic colors. 

In all cases the same line will be the 
bisectrix of the axial angle for both blue 
and red rays, so that the position of the 
respective axes is symmetrical with refer- 
ence to the bisectrix. In f. 403, the dis- 
persion of the axes is illustrated, where p < v; it is shown also that the 
lines, IP J5 l and IP IP, bisect the angles of both red (pOp) and blue 
ipOv r ) rays. It also needs no further explanation that for a certain relation 
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rf the refractive indices of the different colors, the acute bisectrix of the 
axial angle for red rajs may be the obtuse bisectrix for the angle ior blue 
rays. 

Indices of refraction, etc . — The determination of the indices of refrac- 
tion and the character (+• or — ) of the acute bisectrix is made for ortho- 
rhombic crystals in the same way as for all biaxial crystals (p. 150). It is 
merely to be mentioned that, since the axes of elasticity always coincide 
with the crystallographic axes, it will happen not infrequently that crystals 
without artificial preparation will furnish, in their prismatic or dome series, 
prisms whose edges are parallel to the axes of elasticity, and consequently 
at once suitable for the determination of the indices of refraction. 


Distinguishing Optical Characters op Monoclinic Crystals. 

Position of the axes of elasticity . — In crystals belonging to the mono - 
clinic system one of the axes of elasticity always coincides with the ortho- 
diagonal axis h , and the other two lie in the plane of symmetry at right 
angles to this axis. Here obviously three cases are possible, according 
to which two of the axes, a, b, or c, lie in the plane of symmetry. 

Common ding to these three positions of the axes of elasticity, there may 
occur three kinds of dispersion of these axes, o v dispersion of the bisectrices. 
This dispersion arises from the fact that, while the position of one axis of 
elasticity is always fixed, the position of the other two is indeterminate and 
for the same crystal may be different for the different colors, so that the 
bisectrices of the different colors may not coincide. 

Dispersion of the bisectrices. — 1 . The bisectrices, that is, the axes of 
greatest and least elasticity, lie in the plane of sym- 
metry, while the orthodiagonal axis b coincides with b. 

The optic axes here suffer a dispersion in tiiis plane 
of symmetry, and, as already stated, they do not lie 
symmetrically with reference to the acute bisectrix. 

This is illustrated in f. 404, where MM is the bisec- 
trix for the angle, vOv , and JJB for the angle pOp\ 

This kind of dispersion is called by DesOloizeaux 
inclined (dispersion inelinee). 

2. The second case is that where the plane of the 
optic axes is perpendicular to the plane of symmetry, 
and the acute bisectrix stands at right angles to the 
orthodiagonal axis b. In other words, the acute 
bisectrix and the axis of mean elasticity both lie in 
the plane of symmetry. In this case also dispersion 
of tiie axes may take place, and in this way — the 

lane of the optic axes for all the colors lies parallel to the orthodiagonal, 
ut these planes may have different inclinations to the vertical axis. This 
is called horizontal dispersion by JDesCIoizeaux. 

3 . ‘"’till again, in the third place, the plane of the optic axes lies perpen 
iieular to the plane of symmetry ; hut in this case the acute bisectrix is 
parallel to the crystallographic axis b , so that the obtuse bisectrix and axis 
of mean elasticity lie in the plane of symmetry. The dispersion whicli 
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results in this case is called by DesCloizcaux crossed (dispersion toumante 
or crois6e). 

Dispersion as shown in the interference figures . — If an axial section 
of a monoclinic crystal be examined in converging polarized light, the kind 
of dispersion which characterizes it will he indicated by the nature of the 
interference figures observed ; the three cases are illustrated by the figures 
upon the frontispiece?, taken from DesCloizeaux. (frontispiece). 

Figs. \a , 14 represent the interference figures for an orthorhombic crystal 
(nitre), characterized by the symmetry in the size of the rings, and the 
distribution of the colors. Figs. 2 a, 24 (diopside), 3a, 34 (orthoclase), 4a, 44 
(borax), are examples of the corresponding figures for monoclinic crystals, 
characterized as such more or less distinctly by the want of symmetry in 
the size of the rings about the two axes, and the irregularity in the arrange- 
ment of the colors. 

(1) Inclined dispersion . — Where the axes are not symmetrically situated 
with reference to the acute bisectrix. The relation of the two axial figures 
is illustrated by f. 405. In f. 2a, 24 this kind of dispersion is indicated by 
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the position of the red and blue at the centres of the rings, and on the 
borders of the hyperbolas, compare f. la, 14 of the normal ligure, where 
there is no dispersion of the bisectrices. 

(2) Horizontal dispersion , where flu? planes of the optic axes for the 
different colors make different angles with the axis. — This is illustrated by 
f. 40(1. The effect upon the interference figures is seen in f. 3a, 34 of the 
plate, by comparing the colors within the rings (f. 3a), and on the borders 
of the hyperbolas (f. 34), with f. la, 14. 

(3) Crossed dispersion* where the acute bisectrix coincides with the 
crystallographic axis 4. — This is illustrated in f. 407, and the interference 
figures belonging to this kind of dispersion are seen in f. 4a, 44 of the plate, 
compared as before with la, 14, and with the other figures. 


Practical Optical Investigation of Monoclinic Crystals . 

Determination of the position of the arcs of elasticity, that is , the direc- 
tions of vibration. Stauroscope . — The position of one axis of elasticity is 
alone known, since, as has been stated, it coincides with the crystallographic 
axis 4. In order to determine the position of the other axes in the plane of 
symmetry, where they necessarily lie, use is made of an instrument, first 
proposed by von lvoliell, called the Staukoscope. The principle of this 
instrument is very simple. Suppose that the two Nicols in the polari- 
scope (f. 385) have their planes of polarization crossed, causing the maxi- 
mum extinction of light. Now, if a section of any biaxial crystal is brought 
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between them, obviously, if the position of its two rectangular axes of 
elasticity, which are its two directions of vibration, coincide with those of 
the two Nicols, it will produce no change in appearance: the field of the 
polariscope, which was dark before, remains dark. But suppose, on the 
other hand, that it is placed in any other position in the plane, so that its 
two rectangular directions of vibration do not coincide with those of the 
Nicols, the field is no longer dark, but more or less light. The reason foi 
this is, that the light from the lower Nicol meeting the crystal plate ia 
separated, according to the law of the parallelogram of forces, into two sets 
of vibrations, which are again resolved by the analyzing Nicol, and only one 
set extinguished by it. If, however, the plate be gradually changed in posi- 
tion, that is, revolved horizontally, until its vibration-directions (axes of 
elasticity) coincide with those of the Nicols, then, as at first, the light is ex- 
tinguished. If the angle is measured which it is necessary to revolve the 
section to accomplish the result just remarked, that will be the angle be- 
tween the direction of one of the axes of elasticity of the plate in its original 
position and the vibration-plane of the Nicol. 

In figure 408, let the two larger rectangular arrows represent the vibration- 
directions for the two Nicols, and between the two 
prisms suppose a section of a monoclinic crystal, 
abed , to be placed so that one edge of a known crys- 
tallographic plane (eg., i-i) coincides with one of 
these lines. The field of the microscope, dark before, 
since the prisms were crossed, is no longer so, and 
becomes dark again, as explained, only when the 
crystal is revolved so that its vibration-directions 
(the smaller dotted arrows) coincide with those of 
the Nicols, which is indicated by the maximum 
extinction of the light. The crystal has then the 
obitiou ab'cd\ The angle (f. 408), which it 
as been necessary to revolve the plate to obtain 
the effect described, is the angle which one of the axes of elasticity in the 
given plate makes with the given crystallographic edge i-i. 

The preceding explanations cover everything that is essential in the 
Stauroscope ; but a variety of improvements have been introduced, which 
practically make the measurements by means of the instrument much more 
easy and accurate. 

It will 1)0 seen that the most important feature is the point where the 
maximum extinction of the light occurs ; this, however, is not easy for the 
eye to decide upon, and if the trial is made, it will be found that the change 
produced by a revolution of several degrees is hardly perceptible. To 
overcome this difficulty, von Kobell proposed to introduce a section of cal- 
cite just below the analyzer, because its interference figure gives a better 
opportunity to judge of a change in the intensity of the light. A still better 
plan is to introduce a composition plate of ealeite, as proposed by Breziua, 
giving a peculiar interference figure, a very slight change in which destroys 
its symmetry, and it takes its normal form only when the planes of polariza 
tion of the two Nicols are exactly at right angles. Supposing this to be the 
case, when the crystal has been introduced the interference figure is disturbed, 
it returns to its normal appearance only when the crystal has been revolved 
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to the point where the vibration-directions of the Nicols and crystal section 
exactly coincide .* 

It will be observed again, that it is essential that the direction of the 
known edge of the crystal should be exactly parallel to the vibration-direc- 
tion of one of the Nicols. This condition , in the case of small crystals 
especially, is hard to fulfil, and to accomplish it most satisfactorily Groth 
has proposed to use the plate shown in f. 409. 

Tne plate of glass, v, held in its present position by the spring, has one 
edge polished, which adjoins u, and the direction 
of this is made to coincide exactly with the line 
joining the opposite zero points of the gradua- 
tion. The crystal section is attached to this plate 
over the hole seen in v, and with a plane of 
known crystallographic position, either O, i-% or 
a plane in that zone or a corresponding edge, 
coinciding with the direction of the polished edge 
of the plate. Whether this coincidence is exact 
can be tested by the reflective goniometer. In 
order to eliminate any small error, Groth pro- 
poses to measure the divergence from the exact 
coincidence, and then to make a corresponding 
correction, for which he furnishes a series of tables. 

After the adjustment of the enstal section on the plate, the latter is 
inserted in its place, the whole plate, l, k, occupying the position indicated 
in f. 385, and the Nicols so adjusted that the plane of vibration of one 
coincides with the line 0° to 180 ,J . The angle of revolution of the plate, l, 
is obtained from the graduated srale on k. 

It is not. always easy to make the adjustment of the Nicols alluded to, 
but the error arising when the vibration-plane of the Nicol does not coincide 
with the line 0° to 180° is easily eliminated. This is accomplished by remov- 
ing the plate v 9 and, without disturbing the crystal section, restoring it to 
its place in an inverted position. The measured angle, if before too great, 
will now be as much too small, and the arithmetical mean of the two 
measurements will be the true angle. 

ltefercncc further may be made to Groth, Pogg. Ann., cxliv., 34, 1871. 

Determination of the plane of the optic axes . — The investigation of a 
section of a monoclinic crystal parallel to the plane of symmetry determines 
the position of the two remaining axes of elasticity, but it does not fix the 
relative position of the greatest and least axes of elasticity, that is, the plane 
of the optic axes. To solve the latter point, sections normal to each of the 
three axes must be examined in converging polarized light, and one of 
them will show the characteristic interference figures. The section parallel 
to the plane of symmetry is first to be examined, and if it does not show 
the axes even in oil, one or both of the other sections spoken of must be 


emj 
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Anal angle , dispersion, etc,— The method of measuring the axial apgle 
has been already explained, and if this is determined for the different colors 
it will determine the dispersion of the axes p v. 

The dispersion of the axes of elasticity has been shown to be alwaye 
indicated by the character of interference figures ; its amount, w T here eon- 


* See p. 180 for a description of the Calderon plate. 
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sidcrable. may be determined by making the stauroscopic measurements for 
different colei’s. 

The remaining points to be investigated, the indices of refraction, and 
the -f or - character of the crystal, need no further explanation beyond 
that which has been given, pp. i.50, 151. 

Distinguishing Optical Characters of Triclinic Crystals. 

The crystals of the tri clinic system are characterized by their entire want 
of crystallographic symmetry, the position and inclination of the axes being 
entirely arbitrary, and it follows from this that there is no necessary connec- 
tion between them and the rectangular axes of elasticity. More than one of 
the three kinds of dispersion mentioned on p. 154 may occur in a singlo 
crystal, and the interference figures will indicate the existence of both. 

The practical investigation of trielinic crystals optically involves great 
difficulty; in general a series of successive trials are required to determine 
the position of the axes of elasticity. When these are found, the axial sec- 
tions can be prepared and the axial angle determined, and the other points 
settled as with other biaxial crystals. 

Effect of Heat upon the Optical Characters of Crystals. 

In addition to the ordinary investigation of crystal-sections in the polari- 
scope, it is often important to determine the influence of heat upon the 
optical character of crystals. The axial angle may be measured at any 
required temperature by the use of a metal air-bath. This is placed at 6 y , 
(f. 401), and extends beyond the instrument on either side, so as to allow 
of its being heated with gas burners; a thermometer inserted in the hath 
makes it possible to regulate the temperature as may he desired. This bath 
has two openings, closed with glass plates, corresponding to the two tubes 
carrying the lenses, and the crystal-section, held as usual in the pincers, is 
seen through these glass windows. 

The conclusions of DesCloizeaux (see Literature) as to the influence of 
heat upon the optical characters of crystals are as follows : 

(1) Uniaxial crystals appear to be uninfluenced by a heating of from 10° 
to 190° C. (2) Biaxial crystals of the orthorhombic system suffer a greater 
or less change in axial angle. (3) Biaxial crystals of the monoclinic system 
suffer a change in axial angle, and in addition also in the plane of the axes 
when it is not the plane of symmetry. Triclinic crystals also show a little 
change in the position of the axes. 

A striking example of the change in axial divergence is furnished by 
gypsum. At ordinary temperatures the axes lie in the plane of symmetry 
( i-i ) ; at 80° C. they unite in a line making an angle of 37° 28' with a normal 
to O; and with an increased temperature they again separate in a plane 
perpendicular to i-L DesCloizeaux found that the feldspars, when heated 
tip to a certain point, suffer a change in the position of the axes, and if the 
heatftecomes greater and is long continued, they do not return again to theii 
original position, but remain altered. Weiss* has made use of this principle 


Znr KonntniaB der Feldupathbildung ; Haarlem Soc. Verhandl., xxt., 1866. 
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to determine at what temperature certain feldspathic rocks were formed 
This constant change of axial angle upon heating is true also of brooKite, 
zoisite, and other minerals. The investigations of Pfaff show that the opti- 
cal properties of some uniaxial crystals also are affected by heating, though 
to no great extent. Pogg., cxxiii., 179, cxxiv., 448, etc. 


Anomalies Exhibited by some Crystals in their Optical Phenomena.* 

There are a considerable number of crystals of the three classes, which, 
from a variety of causes, exhibit irregularities in their optical characters; 
tome of flie more important cases are mentioned here. 

Isometric crystals. — Boracite, and also senarmontite, sometimes exhibit 
interference figures resembling closely those of biaxial crystals. In the 
case of boracite this is explained by DesCloizeaux as due to the presence 
qf enclosed crystals of parasite formed by alteration. Perofskite is also 
strongly doubly refracting, and in polarized light appears to be biaxial, 
although, as shown by Kokscharow, it is isometric in crystallographic rela- 
tions. The irregularities are supposed by him to be caused by the want of 
homogeneity in the internal structure of the crystals. 

The properties of double refraction possessed by some substances, crystal- 
lized and lion-crystallized, which are normally isotrope, are explained by 
Biot to be due to lamellar polarization. This is analogous to the produc- 
tion of polarized light by means of a series of thin plates (see p. 132). 
Alum crystals have often the lamellar structure, which causes these pheno- 
mena. 

Analcite and leucite have been included in the list of isometric crystals, 
which exhibit anomalous optical characters; but the most accurate crystal- 
lographic determination lias referred both species to the tetragonal system. 
Tension or compression at the time of crystallization may cause isotropic 
crystals to polarize light ; Schrauf has described a uniaxial diamond, and 
it was long since shown by Brewster that some diamonds give evidence in 
polarized light of compression about interior cavities. 

Uniaxial crystals . — A want of homogeneity in the crystals, as shown by 
DesCloizeaux, may cause uniaxial crystals to exhibit in polarized light a 
variety of abnormal phenomena. In some cases the axial figures resemble 
those of biaxial crystals, the cross in the middle of the field (f. 390) not 
being closed, but separated into two hyperbolas, lying near each other. 
Beryl, zircon, vesuvianite, and apatite are examples. That such crystals 
are nevertheless uniaxial is proved by the fact that the opening of the cross 
is independent of the position of the Nicols , and is not altered if the section 
is turned in a horizontal plane. If this is not true , or if, when the section 
is heated (p. 157) the distance between the hyberbolas is altered, it is a 
proof that the irregularity is not due to lamellar polarization, but that the 
two indices of refraction are not exactly equal, and consequently that the 
crystal is not strictly uniaxial. In such cases a revision of the crys *llo- 
graphical elements is desirable. 

The axial figure shown by a section of apophyllite is peculiar, exhibiting 

* For a discussion of this subject in the light of recent (1882) investigations, see pp. 
185 et seq. 
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a series of rings alternately dark violet, and yellow. The explanation is 
found in the fact previously stated, that it is positive for red rays, negative 
for blue, and does not doubly refract yellow light. 

Among biaxial crystal# irregularities in the optical phenomena are often 
observed. They are due in part to want of homogeneity, in part to twin 
structure, aud also to other causes. In brookite the planes of the axes for 
red and blue rays are at right angles to each other, and hence the axial 
figures vary much from those normally observed ; in titanite the axial angle 
for the two colors is widely different, and this also gives rise to an axial 
figure of abnormal appearance. 

Irregular structure, due to twinning, is a frequent cause of peculiar opti- 
cal phenomena ; crystals, in external form apparently simple, often show 
themselves to be made up of irregular banded layers in twinned position, 
when examined in polarized light ; this is true of many minerals. 

In some crystals, as occasionally in the epidoto from the Untersulzbach- 
tlial in the Tyrol, the biaxial figures may be observed immediately, withonf 
the use of the polariscope. This is due to the complex twinned structure 
of the crystal, a thin lamella in reverse position being enclosed in the 
interior, so that the parts of the crystal on either side act as polarizer and 
analyzer. 


Practical Suggestions in regard to the Preparation and use of Crystal Sections made for 

Optical Examination. 

The most important task is the preparation of a plate for examination in the Stauroscope, 
or for the observation of the axial interference -figures. In this we are often assisted by the 
cleavage, which sometimes makes it possible to obtain the require I section without the labor 
of cutting it. This is conspicuously the c:ise with mioa; also with topaz and anhydrite, and 
other minerals. Sometimes the natural surfaces need to be made smooth and polished. 
Furthermore natural crystals sometimes occur in a tabular form, thin and transparent enough 
to answer the purpose; this is true of the crystals of wulfenite from Utah. In most cases, 
however, the section must be actually cut. The means required in such casos vary with the 
hardness of the mineral under examination. For the hardest minerals diamond powder is 
made use of in grinding; it is employed after the manner of the lapidary. (It may be men- 
tioned here that the investigator will generally find it for his interests, both os regards time, 
money, and accuracy of results, to employ a lapidary to do this work for him.) The diamond 
powder is applied to a thin wheel of soft iron or copper, rotating on a lathe. 

For minerals which are not bo extremely hard, good emery may be UBed instead of diamond 
powder. It is merely necessary to apply the emery and water to the edge of the wheel as It 
revolves, the mineral being held firmly against. A neater and more advantageous method, 
where the amount of material is small, is the use of a fine saw, or better wire, mounted in a 
frame, and used with either diamond powder or emery moistened with water or oil. The 
crystal may be mounted in wax or otherwise, if very small ; sometimes a holder made of cork 
is convenient. 

The direction in which the slice is to be cut is of the highest importance, and can often bo 
indicated at first by a scratch across a plane of a crystal. In many cases it is more simple to 
grind on a surface in the proper direction, and this can be easily accomplished by holding the 
crystal against a fine-grained emery wheel rotating on a lathe. It can be held either in the 
fingers, or cemented to a small piece of glass, for instance with Canada balsam. 

Another way. more simple as demanding no instruments, is to make use of a flat piece of 
plate glass, not too small, on which the crystal is ground with moistened emery, being caro- 
fullyTnoved about with the hand. In some cases a file, or even a knife, may be used, whore 
the mineral in hand is soft. 

Whatever method of grinding is adopted, it is necessary to exercise great care to bring the 
artificial surface into exactly the proper direction. This can be determined only as its incline, 
tions to existing crystalline planes, or cleavage surfaces, are measured, and practically it is 
necessary often to stop the y ork and test what has been done. The parallel intersections 
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will often show the degree of correctness in the work. For purposes of measurement it w 
necessary to polish the artificial plane, or instead, a small piece of thin glass may be cemented 
on where the crystal is too small for the use of the hand-goniometer. It is of course necessary 
to know, before starting, the angle which the new plane will moke with the natural planes 
which are already present. When one plane in the required direction has been obtained, it 
it a comparatively simple process to obtain a second parallel to it, though care must be exer- 
cised to attain accuracy. 

The required section having been cut, it remains only to polish the surfaces. The means 
required differ so widely, according to the hardness of the mineral, that no fixed rule can be 
given. The most commonly used polishing powder is the English red, or colcothar, which 
may be used on the plate of glass, or leather surface, or on a revolving wheel covered with a 
soft cloth. In other cases oxide of tin or fine chalk is used ; and again the simple plate of 
ground plass will answer the purpose without the use of any other means. As a rule, the 
hardest minerals take the polish most reodiTy. Sometimes the only method practicable is to 
use small fragments of thin glass, adhering with balsam, by which transparency is obtained 
without polish, though errors are easily introduced by this meanB when sufficient care is not 
exercised. 

The preparation of prisms for the measurement of the indices of refraction is practically 
much more difficult than that of a simple section, but in general the metnods are the same. 

It is often advisable to examine a mineral microscopically when a slice in a particular direc- 
tion is not needed. In such caseR use can be made of the methods employed in making rock 
slices. A revolving wheel of soft iron, vertical or horizontal, is employed, on the lateral sur- 
face of which the substance is ground with the uRe of emery moistened with water. A thin 
slice, or thin fragment broken off, is taken to commence with. First one surface is ground 
smooth and polished. The piece is then cemented to a little plate of thick glass with balsam, 
and the other side ground down parallel to the first, the grinding being continued until the 
required degree of transparency is obtained. Obviously when the section becomes thin and 
fragile, the coarse emery must be replaced with fine, and a considerable degree of care exer- 
cised. The section obtained is generally removed to another slip of glass and mounted with 
balsam under a thin glass cover. 

The microscopic investigation of minerals, by means of thin slices, is of the highest import- 
ance, aside from optical investigations. Every chemical analysis should be preceded by such 
an examination to test the purity of the material in hand. Where a transparent section can- 
not be obtained, a single polished surface, examined by reflected light, will often suffice to 
decide the same point. 

The valuable investigations of Vogelsang, Fischer. Rosenbusch, and others, referred to on 
pp. 108 to 111, show how many minerals, which at first glance seem perfectly pure, are found 
to enclose impurities considerable in variety and amount. 
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DIAPHANEITY; COLOR; LUSTRE. 

There are certain characteristics belonging to all minerals alike, crystal- 
lized and non-crystallized, in their relation to light. These are : 

1. Diaphaneity ; depending on the power of transmitting light. 

2. Color ; depending on the kind of light reflected or transmitted. 

3. Lustre; depending on the power and manner of reflecting light. 


1. Diaphaneity. 

The amount of light transmitted by a solid varies in intensity, or, in other 
words, of the light received more or less may be absorbed. The amount 
of absorption is a minimum in a perfectly transparent solid, as ice, while it 
is greatest in one which is opaque, as iron. The following terms are adopted 
to express the different degrees in the power of transmitting light: 

Transparent : when the outline of an object seen through the mineral is 
perfectly distinct. 

Sabtramparent, or semi-transparent : when objects are seen, but the 
outlines are not distinct. 

Translucent : when light is transmitted, but objects are not seen. 

Subtranslucent : when merely the edges transmit light or are trans- 
lucent. 

When no light is transmitted, the mineral is said to be opaque . This is 
properly only a relative term, since no substance fails to transmit some 
light, if made sufficiently thin. Magnetite is translucent in the Pennsbury 
mica. The recent researches of Prof. A. W. Wright have shown that by 
means of the electrical current the metals may be volatilized and deposited 
again on the sides of the surrounding glass tube. The layers thus formed 
are perfectly continuous, but so thin as to be transparent. Py transmitted 
light the layer of gold thus obtained appears green, and that of silver a 
beautiful blue. 

The property of diaphaneity occurs in the mineral kingdom, in every 
degree from nearly perfect opacity to a perfect transparency, and many 
minerals present, in their numerous varieties, nearly all tne different shades. 

The absorption of light in its relation to the axes of elasticity is spoken 
of on p. 1C5. 


2. Color. 

Cause of color . — The color of a substance depends upon its power of 
absorbing certain portions of the light, that is, certain rays of the spectrum ; 
a yellow mineral, for instance, absorbs all the rays of the spectrum with the 
exception of the yellow. In general the color which the eye perceives is 
the result of the mixture of those rays which are not absorbed. All min- 
erals may be divided into two classes : (1) those whose color is essential and 
belongs to the finest particles mechanicallv made ; (2) those whoso color is 
non-essential and in the fine powder is different from what it is in the mass. 
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Streak . — It is obvious from these distinctions that tlu color of the 
powder, or the streak , as it is called, is often a very important quality 
in distinguishing minerals. The streak is obtained by scratching the sur- 
face of the mineral with a knife or file, or still better, if not too hard, by 
nibbing it on an unpolished porcelain surface. 

To the first class, mentioned above, belong the metals, and man^ 
metallic minerals; for instance, the streak of the black manganese oxides is 
black ; that of hematite, which is red by transmitted light, is red, and so 
on. To the second class belong the silicates, and in fact the large part 
of all minerals. With them the color is often quite unessential, being gen- 
erally due to small admixtures of some metallic oxide, to some carbon com- 
pound, or some foreign substance in a finely divided state. Most of these 
nave a white or light-colored streak. For example, the streak of black } 
green, red , and blue tourmaline varies little from white. 


Varieties op Color. 

The following eight colors have been selected as fundamental, to facilitate 
the employment of this character in the description of minerals : white , 
gray , black, blue, green, yellow , red, and brown. 


a. Metallic Colors. 

1. Copper-red: native copper. — 2. Bronze-yellow : pyrrhotite. — 3. Brass- 
yellow : dial copy rite. — 4. Gold-yellxjw. — 5. Silver-white : native silver, less 
distinct in arsenopy rite. — 6. Tin-white: mercury, cobaltite. — 7. Lead-gray: 
galenite, molybdenite. — 8. Steel-gray : nearly the color of fine-grained 
steel on a recent fracture ; native platinum, and palladium. 


b. Non-metaBic Colors. 

A. White. 1. Snow-white : Carrara marble. — 2. Reddish-white: some 
varieties of calcite and quartz. — 3. Yellowish-white : some varieties of cal- 
cite and quartz. — 4. Grayish-white : some varieties of calcite and quartz. 
— 5. Greenish-white: taic. — 6. Milk-white: white, slightly bluish; some 
chalcedony. 

B. Gray. 1. Bluish-gray : gray, inclining to a dirty bine color. — 2. 
Pearl-gray : gray, mixed with red and blue ; cerargyrite. — 3. Sinoke-gray : 
gray, with some brown ; flint. — 4. Greenish-gray : gray, with some green ; 
cat’s eye, some varieties of talc. — 5. Yellowish-gray : some varieties of 
compact limestone. — 6. Ash-gray : the purest gray color ; zoisite. 

C. Black. 1. Grayish-black: black, mixed with gray (without any 
green, brown, or blue tints) ; basalt, Lydian stone. — 2. Velvet-black : pure 
black; obsidian, black tourmaline. — 3. Greenish-black: augite. — 4 Brown • 
tsh-black : brown coal, lignite. — 5. Bluish-black : black cobalt. 

D. Blue. 1. Blackish-blue : dark varieties of azurite. — 2. Azure-blue : 
a clear shade of bright blue ; pale varieties of azurite, bright varieties oi 
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lazulite. — 3. Violet-blue: blue, mixed with red ; amethyst, fluorite. — 4 
La render -blue : blue with some red and much gray. — 5. Prussian-blue 
or Berlin blue : pure blue ; sapphire, cyanite. — 6. /Smalt-blue: some varied 
ties of gypsum. — 7. Indigo-blue : blue with black and green ; blue tourma- 
line. — 8, Sky-blue: pale blue with a little green; it is called mountain 
blue by painters. 

E. Green. 1. Verdigris-green : green inclining to blue ; some feldspar 
(amazon-stone). — Celandine-green : green with blue and gray ; some varie- 
ties of talc and beryl. It is the color of the leaves of the celandine (Ch$li- 
donium inajus). — 3. Mountain-green : green with much blue ; beryl.— 4. 
Leek-green : green with some brown ; the color of leaves of garlic ; dis- 
tinctly seen in prase, a variety of quartz. — 5. Emerald-green : pure deep 
green ; emerald. — 6. Apple-green : light green with some yellow ; chryso- 
prase. — 7. Grass-green: bright green with more yellow ; green diallage. — 
8. Pistachio-green : yellowish green with some brown ; epidote. — 9. Aspa- 
ragus-green : pale green with much yellow ; asparagus stone (apatite). — * 
10. Blackish-green: serpentine. — 11. Olive-green: (lark green with much 
brown and yellow; chrysolite. — 12. Oil-green: the color of olive oil; 
beryl, pitehstone. — 13. Siskin-green : light green, much inclining to yellow; 
uranite. 

F. Yellow. 1. Sulphur-yellow : sulphur. — 2. Straw-yellow: pale yel- 
low ; topaz. — 3. Wax-yellow : grayish yellow with some brown ; blende, 
opal. — 4. Honey-yeUow : yellow witli some red and brown ; calcite. — 5. 
Lemon-yellow : sulphur, orpi merit. — 6. Ochre-yellow : yellow with brown; 
yellow ochre. — 7. Wine-yellow : topaz and fluorite. — 8. Cream yellow : 
some varieties of lithomarge. — 9. Orange-ydlow : orpiment. 

G. Red. 1. Anrora-rea: red with much yellow; some realgar. — 2. 
Hyacinth-red : red with yellow and some brown ; hyacinth garnet. — 3. 
Brick-red: |>oly halite, some jasper. — 4. Scarlet-red: bright red with a 
tinge of yellow; cinnabar. — 5. Blood-red: dark red with some yellow; 
pyrope. — G. Flcsh-rcd: feldspar. — 7. Carmine-red: pure red; ruby sap- 
phire. — 8. Rose-red: rose quartz. — 9. Crimson-red: ruby. — 10. Peam- 
olussom-red: red with white and gray; lepidolite. — 11. Columbine-red: 
deep red with some blue; garnet. — 12. Cherry-red : dark red with some 
blue and brown; spinel, some jasper. — 13. Brownish-red : jasper, li mold te. 

II. Brown. 1. Reddish-brown: garnet, zircon. — 2. Clove-brown : brown 
witii red and some blue; axinite. — 3. llair-brown : wood opal. — 4. Broc- 
coli-brown: brown, with blue, red, and gray ; zircon. — 5. Chestnut-brown: 
pure brown. — G. Yellowish-lwown : jasper. — 7. Pinchbeck-brown: yellow- 
ish-brown, with a metallic or metallic-pearly lustre ; several varieties of 
talc, bronzite. — 8. Wood-brown: color of old wood nearly rotten ; some 
specimens of asbestus. — 9. Liver-brown : brown, with some gray and green ; 
jasper. — 10. Blackish-brown ; bituminous coal, brown coal. 

c. Peculiarities in the Arrangement of Colors. 

Play of Colors. — An appearance of several prismatic colors in rapid 
succession on turning the mineral. This property belongs in perfection to 
the diamond ; it is also observed in precious opal, and is most brilliant by 
candle-light. 
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Change of Colors . — Each particular color appears to pervade a larger 
space than m the play of colors, and the succession produced by turning the 
mineral is less rapid ; Ex. labradorite. 

Opalescence. — A milky or pearly reflection from the interior of a speci- 
men. Observed in some opal, and in cat’s eye. 

Iridescence. — Presenting prismatic colors in the interior of a crystal. 
The phenomena of the play of colors, iridescence, etc., are sometimes to be 
explained by the presence of minute foreign crystals, in parallel positions ; 
more generally, however, they are caused by the presence of fine cleavage 
lamellae, in the light reflected from which interference takes place, analogous 
to the well-known Newton’s rings. 

Tarnish. — A metallic surface is tarnished, when its color differs from 
that obtained by fracture ; Ex. bornite. A surface possesses the steel tar- 
nish , when it presents the superficial blue color or tempered steel ; Ex. 
columbito. The tarnish is irised , when it exhibits fixed prismatic colors ; 
Ex. hematite of Elba. These tarnish and iris colei's of minerals are owing 
to a thin surface film, proceeding from different sources, either from a 
change in the surface of the mineral, or foreign incrustation ; hydrated iron 
oxide, usually formed from pyrite, is one of the most common sources of it, 
and produces the colors on anthracite and hematite. 

Asterism. — This name is given to the peculiar star-like rays of light 
observed in certain directions in some minerals by reflected or transmitted 
light. This is seen in the form of a six-rayed star in sapphire, and is also 
well shown in mica from South Burgess, Canada. In the former case it 
has been attributed by Yolger to a repeated lamellar twinning ; in the 
other case, by Rose, to the presence of minute inclosed crystals, which are 
a uniaxial *mica, according to DesCloizeaux. Crystalline planes, which 
have been artificially etched, also sometimes exhibit asterism. In general 
the phenomenon is explained by Schrauf as caused by the interference of 
the light, due to fine striations or some other cause. 

(Upon the above subjects, see Literature, p. 167.) 


Phosphorescence. 

Phosphorescence,* or the emission of light by minerals, may be produced 
in different ways: by friction, by heat, or by exposure to light . 

By friction, — Light is readily evolved from quartz or white sugar by 
the friction of one piece against another, and merely the rapid motion of a 
feather will elicit it from some specimens of sphalerite. Friction, however, 
evolves light from a few only of the mineral species. 

liy heat. — Fluorite is highly phosphorescent at the temperature of 300° F. 
Different varieties give off light of different colors ; the ctilorophane variety, 
an emerald-green light ; others purple, blue, and reddish tints. This phos- 
phorescence may be observed in a dark place, by subjecting the pulverized 
mineral to a heat below reduess. Some varieties of white limestone of 
marble emit a yellow light. 


* This subject has been investigated by Becqutrd, Ann. Ch. Phys.. Ill Jv 5-119 . 

♦ Mitth. nat Gee. Bern, 1807, 62 f and A Zeitsch. G^na^wl^ 

IS., 1,151, 1874. 1 • 
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By the application of heat, minerals lose their phosphorescent properties. But on passing 
electricity through the calcined mineral, a more or less vivid light is produced at the time of 
the discharge, and subsequently the specimen when heated will often emit light as before. 
The lighu is usually of the same color as previous to calcination, but occasionally is quite 
different. It is in general less intense than that of the unaltered mineral, but is much 
inert :ised by a repetition of the electric discharges, and in some varieties of fluorite it may 
be nearly or quite restored to its former brilliancy. It has also been found that some varie- 
ties of fluorite and some specimens of diamond, calcite, and apatite, which are not naturally 
phosphorescent, may be rendered so by means of electricity. Electricity will also increase 
the natural intensity of the phosphorescent light. 

Light of the sun. — The only substance in which an exposure to the light 
of the sun produces very apparent phosphorescence is the diamond, and 
some specimens seem to be destitute of this power. This property is most 
striking after exposure to the blue rays of the spectrum, while in the red 
rays it is rapidly lost. 


Pleochroism. 

Dichroism , Trichroism. — In addition to the general phenomena of color, 
which belong to all minerals alike, some of those which arc crystallized 
show different colors under certain circumstances. This is due to the fact 
that in them the absorption of parts of the spectrum takes place unequally 
in different directions, and hence their color by transmitted light depends 
upon the direction in which they are viewed. This phenomenon is called 
in general pleochroism. 

In uniaxial crystals it has been seen that, in consequence of their crystal- 
lographic symmetry, there are two distinct values for the velocity of light 
transmitted by them, according as the vibrations take place, parallel or at 
right angles to the vertical axis. Similarly the crystal may exert different 
degrees of absorption upon the rays vibrating in these two directions. For 
example, a transparent crystal of zircon looked through in the direction of 
the vertical axis appeai-s of a pinkish-brown color, while in a lateral direc- 
tion the color is asparagus-green. This is because the rays (extraordinary) 
vibrating parallel to the axis are absorbed witli the exception of those 
which together give the green color, and those vibrating laterally (ordinary) 
are absorbed except those which together appear pinkish-brown. 

Again, all crystals of tourmaline in the direction of the vertical axis are 
opaque, since the ordinary ray, vibrating normal to the axis c, is absorbed, 
while light-colored varieties, looked through laterally, are transparent, for 
the extraordinary ray, vibrating parallel to c, is not absorbed ; the color 
differs in different varieties. Thus, all uniaxial crystals may be dichvoic , 
or have two distinct axial colors. 

Similarly all biaxial crystals may be trichroic . For the rays vibrating in 
the directions of the three axes of elasticity may be differently absorbed. 
For diaspore the three axial colors are azure-blue, wine-yellow, and violet- 
blue. It will be understood that, while these three different colors are pos- 
sible, they may not exist; or only two may be prominent, so that a biaxial 
mineral may be called dichroic. 

In order to investigate the absorption-properties of any uniaxial or biaxial 
crystal, it is evident that sections must be obtained which are parallel to the 
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several axes of elasticity. Suppose that f. 410 represents a rectangular solid 
witn its sides parallel to the three axes of elasticity of 
a biaxial crystal. In an orthorhombic crystal the faces 
are those of the three diametral planes or pinacoids ,• 
in a monoclinic crystal one side coincides with the clino- 
pinacoid, the others are to be determined for each 
species. The light transmitted by this solid is examined 
by means of a single Nicol prism. Suppose, first, that 
the light transmitted by the parallelopiped (f. 410) in 
the direction of the vertical axis is to be examined. 
When the shorter diagonal of the Nicol coincides with 
the direction of the axis b, the color observed belongs 
to that ray vibrating parallel to this direction ; when it coincides with the 
axis a, the color for tlie ray with vibrations parallel to a is observed. In 
the same way the Nicol separates the different colored rays vibrating 
parallel to c and a respectively, when the light passes through in the direc- 
tion of b. 

So also finally when the section is looked through in the direction of the 
axis a, the colors for the rays vibrating parallel to b and c, respectively, are 
obtained. It is evident that the examination in two of the directions named 
will give the three possible colors. 

For epidote, according to Klein, the colors for the three axial directions 
are : 


1 Vibrations parallel to b, brown (absorbed). p Vibrations parallel to r, green. 

“ “ a, yellow. * 44 “ a, yellow, 

q Vibrations parallel to t, green, 

“ u b, brown (absorbed). 

The colors observed by the eye alone are the resultants of the double set 
ot vibrations, in which the stronger color predominates ; thus, in the above 
example, the plane, normal to c is brown, to b, yellowish-green, to a, green. 
In any other direction in the crystal, the apparent color is the result of a 
mixture of those corresponding to the three directions of vibrations in differ- 
ent proportions. Dichroite is a striking example of the phenomenon of 
pleochroism. 

An instrument called a dichroacove has been contrived by Haidinger for 
examining this property of crystals. An oblong rhombohedron 5 Ice- 
land spar has a glass prism of 18° cemented to each extremity. It is placed 
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in a metallic cylindrical case, as in the figure, having a convex lens at one 
end, and a square hole at the other. On looking through it, the square hole 
appears double ; one image belongs to the ordinary and the otlier to the 
extraordinary ray. When apleochroic crystal is examined with it, by trans- 
mitted light, on revolving it, the two squares, at intervals of 90° in the revo* 
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lution, have different cold’s, corresponding to the direction of the vibrations 
of the ordinary and extraordinary ray in calcite. Since the two images are 
situated side by side, a very slight difference of color is perceptible. 


Literature.— Pleochroism, Asterism, etc. 

Haidinger. Ueber den Pleochroismus der KrystaUe ; Pogg. lxv., 1, 1845. 

Ueber das Schillern der Krystallddchen ; Pogg. lxx., 574, 1847; Ixxi., 821; 

lxxvi., 99, 1849. 

lieusch. Ueber das Schillem gewisser KrystaUe ; Pogg. cxvi., 392, 1862; oxviii., 256, 
1863 ; cxx. , 95, 1863. 

v. KobdL Ueber Asterismus; Ber. Ak. Miinchen, 1863, 65. 

Hau*hofer % Der Asterismus des Calcites ; Ber. Ak. Miinoben, 1869. 

Vogelsang. Sur le Labradorite coloro ; Arch. Neerland, ail. , 82, 1868. 

SeJtrauf. Labradorit; Ber. Ak., Wien, lx., 1869. 

Kosmann. Ueber das Schillem und den Diohroismus des Hypersthens ; Jahrb. Min., 1869, 
868, 532; 1871, 501. 

Rose. Ueber den Asterismus der Krystallen ; Ber. Ak. Berlin, 1862, 614 ; 1869, 844. 


3. Lustre. 

The lustre of minerals varies with the nature of their surfaces. A varia- 
tion in the quantity of light reflected, produces different degrees of intensity 
of lustre ; a variation in the nature of the reflecting surface produces 
different kinds of lustre. 

A. The kinds of lustre recognized are a9 follows : 

1. Metallic : the lustre of metals. Imperfect metallic lustre is expressed 
by the term sub-metallic . 

2. Adamantine : the lustre of the diamond. When also sub-metallic, it 
is termed metallic-adamantine . Ex. cerussite, pyrargyritc. 

3. Vitreous : the lustre of broken glass. An imperfectly vitreous lustre 
is termed sub-vitreous . The vitreous and sub-vitreous lustres are the most 
common in the mineral kingdom. Quartz possesses the former in an emi- 
nent degree; calcite, often the latter. 

4. Resinous: lustre of the yellow resins. Ex. opal, and some yellow 
varieties of sphalerite. 

5. Pearly : like pearl. Ex. talc, brueite, stilbite, etc. When united with 
sub-metallic, as in hypersthenite, the term metallic-pearly is used. 

6. Silky: like silk; it is the result of a fibrous structure. Ex. fibrous 
calcite, fibrous gypsum. 

j B. The degrees of intensity are denominated as follows: 

1. Splendent : reflecting with brilliancy and giving well-defined images. 
Ex. hematite, cassiterite. 

2. Shining : producing an image by reflection, but not one well defined. 
Ex. celestite. 

3. Glistening: affording a general reflection from the surface, but no 
image. Ex. talc, chal copy rite. 

4. Glimmering: affording imperfect reflection, and apparently from 
points over the surface. Ex. flint, chalcedony. 

A mineral is said to be dull when there is a total absence of lustre. Ex. 
chalk, the ochres, kaolin 
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The true difference between metallic and vitreous lustre is due to the 
effect which the different surfaces have upon the reflected light ; in general, 
the lustre is produced by the union of two simultaneous impressions made 
upon the eye. If the light reflected from a metallic surface be examined 
by a Nicol prism (or the dichroscojie of Ilaidinger), it will be found that 
both rays, that vibrating in the plane of incidence and that whose vibra- 
tions are normal to it, are alike, each having the color of the material, only 
differing a little in brilliancy ; on the contrary, of the light reflected by a 
vitreous substance, those rays whose vibrations are at right angles to the 
plane of incidence are more or less polarized, and are colorless, while those 
whose vibrations are in this plane, having penetrated somewhat into the 
medium and snffered some absorption, show the color of the substance 
itself. A plate of red glass thus examined will show a colorless and a red 
image. Adamantine lustre occupies a position between the others. 

The different degrees and kinds of lustre are often exhibited differently by unlike faces of 
the same crystal, but always similarly by like faces. The lateral faces of a right square 
prism may thus differ from a terminal, and in the right rectangular prism the lateral faces 
also may differ from one another. For example, the basal plane of apophyllite has a pearly 
lustre wanting in the prismatic planes. The surface of a cleavage plane in foliated minerals, 
very commonly differs in lustre from the sides, and in some cases the latter are vitreous, 
while the former is pearly. As shown by Haidinger, only the vitreous, adamantine, and 
metoUic lustres belong to faces perfectly smooth and pure. In the first, the index of refrac- 
tion of the mineral is 1 *3 — 1 *8 ; in the second, 1*9 — 2 5 ; in the third, about 2 5. The pearly 
lustre is a result of reflection from numberless lamellae or lines within a translucent mineral, 
as long since observed by Breithaupt. 


IV. HEAT. 

The expansion of crystallized minerals by heat depends, as directly as 
their optical properties, on the symmetry oi their molecular structure as 
shown m their crystalline form. ’The same three classes as before are dis- 
tinguished : 

A. Isoinetric crystals, where the expansion is in all directions alike. 

JS. Isodiametric crystals, of the tetragonal and hexagonal systems. Ex- 
pansion vertically unlike that laterally, but in all lateral directions alike. 

C\ Anisometric , of the orthorhombic, monoclinic, and triclinic systems. 
Expansion unlike in the three axial directions. The expansion by heat in 
the case of crystals may serve to alter the angles of tne form, but it has 
been shown that the zone relations and the crystalline system remain con- 
stant. 


Mitscherlich found that in oalcite there was a diminution of 8' 37" in the angle of the 
rhombohedron, on passing from 32° to 212° F., the form thus approaching that of a cube, as 
the temperature increased. Dolomite, in the same range of temperature, diminishes 4' 46'; 
and in aragonite, between 63° and 212° F., the angle of the prism diminishes 2' 46", and 
1-i : 1-f increases 5’ 30"; in gypsum, /: t-i is increased 5' 24', 7:1, 4' 12', and 1-i : %-i is 
diminished T 24'. In some rhombohedrons, as of calcite, the vertical axis is lengthened 
(and the lateral shortened), while in others, like quartz, the reverse is true. The variation 
is suoh either way that the double refraction is diminished with the increase of heat • for 
oalcite possesses negative double refraction, and quartz, positive. 1 

The conductive power of a crystal depends, as does expansion, on the 
ayiametry of its crystalline form ; this is also true of its power of trans- 
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mitting or absorbing heat. It follows, moreover, from the analogous nature 
of heat and light, that heat rays are polarized by reflection, and bv transmission 
in amsotrope media, in the same way as the rays of light. These subjects, 
considered solely in their relation to Mineralogy, are of minor importance; 
they belong to works on Physics, and reference may be made to those 
whose titles are given in the introduction, as also to the works of Schrauf 
and Grotli. 

The change in the optical properties of crystals produced by heat has 
already been noticed (p. 151). 


V. ELECTRICITY— MAGNETISM. 

The electric and magnetic characters of crystals, as their relations to heat, 
bear but slightly upon the science of mineralogy, although of high interest 
to the student of physics. 

Frictional electricity . — The development of electricity by friction is a 
familiar fact. All minerals become electric by friction, although the 
degree to which this is manifested depends upon their conducting or non- 
conducting power. There is no line of distinction among minerals, divid- 
ing them mto positively electric and neyati rely electric; for both kinds of 
electricity may be presented by different varieties of the same species, and 
by the same variety in different states. The gems are positively electric 
only when polished ; the diamond alone among them exhibits positive elec- 
tricity whether polished or not. The time of retaining electric excitement 
16 widely different in different species, and topaz is remarkable for continu- 
ing excited many hours. 

Pressure also develops electricity in many minerals ; calcite and topaz 
are examples. 

Pyro-electricity . — A decided change of temperature, through heat or 
cold, develops electricity in a large number of minerals, which are hence 
called pyro-electric. This property is most decided, and was first observed 
in a series of minerals which are hemimorphie or hemihedral in their 
development. The electricity in these minerals is of opposite character in 
the parts dissimilarly modified. Thus in tourmaline and calamine, the 
crystals of which are often differently modified at the two extremities, posi- 
tive and negative electricity are developed at these extremities or poles 
respectively. When the extremity becomes positive on heating it has been 
called the analogue pole, and when it becomes negative, it has been called 
the antilogue. The names were given by Rose ana Riess, who investigated 
these phenomena. For a change of temperature in the opposite direction, 
that is, cooling, the reverse electrical effect is observed. 

Boracite, on whose crystals the 4- and — tetrahedrons often occur, shows 
by heating the positive electricity for the faces of one tetrahedron and the 
negative for those of the other. 

Further investigations by Hankel and others (see Literature) have ex- 
tended the subject and shown that the phenomena of pyro-electricity belong 
to the crystals of a large number of species. Moreover, it is not, as once 
supposed, essentially connected with hemihedral development. The num- 
ber of poles, too, may be more than two, that is, the points at which posi- 
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tivo and negative electricity is developed. Thus for prehnite there !s a 
large series of such poles, distributed over the surface of a crystal. The 
investigations of Hankel have shown in general, that in crystals not hemi- 
liedrally developed, the same electricity is developed at both extremities of 
the same axis, and the distinction between positive and negative electricity 
is only shown by reference to the different crystallographic axes ; on sym- 
metrical! y formed crystals of the isodiainetric class the electricity is the 
same in all lateral directions, that is, on all prismatic planes, while different 
at the extremities of the vertical axis. 

Thermo-electricity . — When two different metals are brought into con- 
tact, a stream of electricity passes from one to the other. If one is heated 
the effect is more decided and is sufficient to deflect more or less vigorously 
the needle of a galvanometer. According to the direction of the current 
produced by the different metallic substances, they are arranged in a 
thermo-electrical scries; the extremes are occupied by antimony (-f) and 
bismuth (— ), the electrical stream passing from bismuth to antimony. 

Tin’s subject is so far important for mineralogy, as it was show'll by 
Bunsen that the natural metallic sulphides stand further off in the series 
than antimony and bismuth, and consequently by them a stronger stream 
is produced. The thermo-electrical relations of a large number of minerals 
was determined by Flight (Ann. Oil. Pliarin., exxxvi.). 

It was early observed that some minerals have varieties which are both 
+ and — . This fact was made use of by Rose to show a relation between 
the plus and minus hcmihedral varieties of pyrite and cobaltite. The later 
investigations of Sehrauf and Dana have shown, however, that the same 
peculiarity belongs also to glaueodot, tetradymite, shutter udite, danaite, and 
other minerals, and it is demonstrated by them that it cannot be dependent 
upon crystalline form, but, on the contrary, upon chemical composition. 

Magnetism. — The magnetic properties of crystals are theoretically of 
interest, since they, too, like the optical and thermic, are directly dependent 
upon the form ; hence, with relation to magnetism they group themselves 
into the same three classes before referred to. 

All substances are divided into two classes, the paramagnetic and dia- 
magnetic ■, according as they are attracted or repelled by the poles of a mag 
net. For purposes of experiment the substance in question, in the form of 
a rod, is suspended between the poles of the magnet, being movable on a 
horizontal axis. If of the first class, it will take a ]X)sition parallel , and if 
of the second class, transverse , to the magnetic axis. 

By the use of a sphere it is possible to determine the relative amount of 
magnetic induction in different directions of the same substance. Experi- 
ment has show'll that in isometric crystals the magnetism is alike in all 
directions ; in those optically uniaxial, tLat there is a direction of maximum 
and, normal to it, one of minimum magnetism ; in biaxial crystals, that 
there are three unequal axes of magnetism, the position of which may be 
determined. 

A few minerals have the power of exerting a sensible influence upon the 
magnetic needle, and are hence said to be magnetic. This is true of mag- 
netite and pyrrhotite (magnetic pyrites) in particular, also of franklinite, 
almandite, and other minerals, containing considerable iron protoxide (FtO). 
When such minerals in one part attract and in another repel tiie poles of 
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the magnet, they are said to possess polarity. This is true of the variety of 
magnetite called in popular language loadstone. 


Literature. —Electricity.* 

Hankcl. Ueber die Thermo-Electricitat der Krysfcalle; Pogg., xlix.. 493; L, 287. 1840; 
lxi.,281. ’ * ' 

Bose u . Hies. Ueber die Pyro-Electricitfit der Minenilien ; Ber. Ak. Berlin, 1843. 

Ueber den Zusammenhang zwisckeu der Form und der elektrischen Polaritiit del 

KrystaUe; Ber. Ak. Berlin. 1830. 

v. Kobdl. Ueber Mineral-Eleutricitut ; Pogg., cxviii., 594, 1863. 

Bunsen. Thermo-Ketten von grosser Wirksamkeit ; Pogg., cxxiii., 505, 1864. 

Friedcl. Sur les proprieties pyro-electrique des Cristuux bona conducteura de 1’ electricity ; 
Ann. Ch. Pbys., IV., xvii., 79, 1869. 

Bose. Ueber den Zusammenhang zwischen hcmiedrischer Krystallform und tliermo-elek- 
trischem Verbalten beim Eisenkies und Kobaltglanz ; Pogg., cxlii., 1, 1871. 
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VI. TASTE AND ODOR. 

In their action upon the senses a few minerals possess taste , and others 
under some circumstances give off odor . 

Taste belongs only to soluble minerals. The different kinds of taste 
adopted for reference are as follows : 

1. Astringent ; the taste of vitriol. 

2. Sweetish astringent ; taste of alum. 

3. Saline; taste of common salt. 

4. Alkaline ; taste of soda. 

5. Cooling ; taste of saltpeter. 

6. Bitter ; taste of epsom salts. 

7. Sour : taste of sulphuric acid. 

Odor. — Excepting a tew gaseous and soluble species, minerals in the dry 
unchanged state do not give off odor. By friction, moistening with tho 
breath, and the elimination of some volatile ingredient by heat or acids, 
odors are sometimes obtained which are thus designated : 

1. Alliaceous ; the odor of garlic. Friction of arsenical iron elicits this 
odor; it may also be obtained from arsenical compounds, by means of heat. 

2. Horse-radish odor ; the odor of decaying horse-radish. This odor ie 
strongly perceived when the ores of selenium are heated. 

3. Sulphureous ; friction elicits this odor from pyrite and heat from 
many sulphides. 

4. Bituminous ; the odor of bitumen. 

5. Fetid; the odor of sulphuretted hydrogen or rotten eggs. It is eli- 
cited by friction from some varieties of quartz and limestone. 

6. Argillaceous / the odor of moistened clay. It is obtained from sei* 


* See also on p. 190. 
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pentine and some allied minerals, after moistening them with the breath ; 
others, as pyrargillite, afford it when heated. 

The Feel is a character which is occasionally of some importance ; it is 
said to be smooth, (sepiolite), greasy (talc), harsh , or meagre , etc. Some 
minerals, in consequence of their hygroscopic character, adhere to the tongue , 
when brought in contact with it. 



SECTION II.— SUPPLEMENTARY CHAPTER. 


I. COHESION AND ELASTICITY (]>]). 119 to 122). 

The etching-figures (Aefzfiguren) produced by the action of appropriate 
solvents upon the surfaces of crystals have been further investigated in the 
case of a considerable number of minerals, and the results have in some 
cases served to throw light upon the question as to which crystalline system 
a given species belongs. Sec the investigations of Baumhaueu of the 
etching-figures of lepidolite, tourmaline, topaz, calamine, Jab rb. Min.,1870, 
\ ; pyroinorphitc, mimetitc, vanadinite. ib., 1870, 411 ; of adularia, albite, 
fluorite, il)., 1870, 002 ; of lencitc, Z. Kryst,., i.,257, 1877; quartz, ib., ii., 
117, 1878 ; mica (zininvaldite), ib., iii., 113, 1878; boracite, ib., iii., 337, 
1879; perofskite, ib., i\\, 187, 1879; neplielite, ib., vi., 209, 1882. (For 
earlier papers giving results of etching experiments on muscovite, garnet, 
linnseite, biotite, epidote, apatite, gypsum, in her. Ale. Mt'mchen, 1874, 
245 ; 1873, 99 ) On the ctcuing-figures of alum, see Fu. Klocki;, Z. 
Kryst., ii., 120, 1878 ; of the different micas, F. J. Wiik, Oofv. Finsk. Vet. 
Soc., xx ii., 1880. 

On the artiticial twins (t winning-plane — \R) of calcite produced by 
simple pressure with a knife-blade on the obtuse edge of a cleavage frag- 
ment, see Baumhacer, Zeitsehr. Kryst.., iii., 588. 1879 ; Brkztna, ib., iv., 
518. 1SSO. The fragment should have a ])rismatic form, sav 0-8 mm. in 
length and 3-0 mm in breadth, and be placed with the 
obtuse edge on a linn horizontal support. The blade 
of an ordinary table-knife is then applied to the other 
obtuse edge, as at a (f. 412 a), and pressed gradually and 
firmly down. The result is that the portion of the crys- 
tal lying between a and b is reversed in position, ns if 
twimu'd parallel to the horizontal plane — \R. The 
twinning surface, grp, is perfectly smooth, and the 
re-entrant angle corresponds very exactly with that required by theory 
(Brezina). Earlier observations by Pfaft and Rcnsch have shown that 
twin lamellae (—• J R ) may be produced in a cleavage mass of calcite of 
prismatic form, by simple pressure exerted perpendicular to a straight ter- 
minal plane. Such twinning lamellae are often observed in thin sections of 
a crystalline limestone when examined in polarized light under the micro- 
scope. 

On the application of the fracture-figures (Sehlagfiguren) in the optical 
examination of the mica species see Bauer, ZS. G. Ges.. xxvi., 137, 1874 
(for earlier papers see p. 122) ; Tschermak, Z. Kryst., ii., 14, 1877. On 
the occurrence of Gleifflachen on galena sec Bauer, Jahrb. Min., 1882, i., 
183. 

II. SPECIFIC GRAVITY (pp. 123, 124). 

Use of a Solution of high Specific Gravity . — A solution of mercuric 
iodide in potassium iodide (Hg,I in KI1 affords a means of readily ob- 
taining the specific gravity ox any mineral not acted upon by it chemically, 


412a. 
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and for which G. < 34 ; and also of separating from each other minerals of 
different densities, when intimately mixed in the form of small fragments. 
The solution is called the Sonstadt solution, having been first proposed 
by E. Sonstadt in 1873 (Chem. News, xxix, 127) ; its application for the 
above objects was proposed by Church in 1877 (Min. Mag., i., 237) ; and 
the method elaborated by Thoulet in 1878 (C. R., Feb. 18, 1878 ; Bull. 
Soc. Min., ii., 17, 189, 1879), and later by Goldschmidt (J. Min., Beil.- 
Bd., i., 179, 1881). 

The solution is prepared (Goldschmidt) as follows : The KI and Hg a I 
are taken in the ratio of 1:1*239, and introduced into a volume of water 
slightly greater than is required to dissolve them (say 80 cc. to 500 gr. of 
the salts) ; the solution is then filtered in the usual way and afterward evap- 
orated down in a porcelain vessel, over a water-bath, until a crystalline scum 
begins to form, or when a fragment of tourmaline (G. =3*1) floats ; on cooling, 
the solution has its maximum density. If the mercuric iodide is not quite 
pure a small quantity in excess of that required by the above ratio must be 
taken. The highest specific gravity for the solution obtained by Gold- 
schmidt was 3*196, a solution in which fluorite floats. This maximum is 
not quite constant, varying with the moisture of the atmosphere and with 
the temperature. 

The method of using the solution for obtaining the specific gravity of 
small fragments of any mineral is, according to Goldschmidt, as follows : The 
fragments are introduced into a tall beaker, say 40 cc. capacity, with a por- 
tion of the concentrated solution ; then water is added drop by drop (or a 
dilute solution of the same for high densities) from a burette, until the frag- 
ments, after being agitated, are just suspended, and remain so without either 
rising or falling. This process requires care and precision, since the princi- 
pal error to which the method is liable is involved here. The solution is now 
introduced into a little glass flask, graduated say to hold just 25 cc., and this 
amount having been exactly measured off, the weight is taken ; then the 
solul ion is poured back into the original beaker and the fact noted whether 
the fragments still remain suspended : then introduced again into the flask 
and weighed, and so a third time. The average result of the three weigh- 
ings, diminished by the known weight of the flask and divided by 25, gives 
the specific gravity. The exact measurement of the 25 cc. is a matter of 
importance, and is most easily accomplished by adding at first a little more 
than enough and then removing the excess by a capillary tube or a piece of 
filter paper ; the reading is best taken from the lower edge of the meniscus. 
It is not necessary to clean and dry the flask each time. The weighing need 
not be very accurate, as an error of 25 mgr. onlv involves a change of a unit 
in the third decimal place (*001). The descnber readily obtained results 
accurate to three decimals. The advantages of the method are that it is 
readily applicable in the case of small fragments (dust is to be avoided), it is 
easily usea, and any want of homogeneity in the mineral makes itself at once 
apparent. 

This solution is also most useful in affording a means of separating me- 
chanically different minerals when intimately mixed together ; as, for example, 
in a fine-grained rock. For this purpose the rock must first be pulverized 
in a steel mortar, then put through a sieve, or better, through several, so as 
to obtain a series of sets of fragments of different size ; the dust is rejected. 
The fragments should be examined under the microscope, to see that they are 
homogeneous ; the largest fragments satisfying this condition will give the 
best results. 
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According to Thoulet the best method of procedure is to first determine the 
density of the fragments approximately by inserting typical ones in a series 
of samples of the solution of gradually increasing density. This point deter* 
mined, some 60 cc. of the concentrated solution are introduced 
into the tube, A, and 1 or 2 grams of the weighed fragments 
added. Then the tightly-fitting rubber cork with the tube, 

Fy is inserted ; the tube, F, is connected by a rubber tube with 
an air pump, and the air bubbles are in this way removed from 
the powder. The heavy parts of the mixture fall to tho bottom, 
and are removed by opening the stop-cock at C , and aro washed 
out by use of the tube, B ; the other fragments float. Now a 
quantity of distilled water is added in order so to dilute tho solu- 
tion as to cause the next heavier portions to sink, as determined 
by the equation 



v,= V(T) - A ) 
A — 1 


where v = volume of the solution, D its specific gravity, tho j 

volume of the water, and A the density desired. Tho cock ^ 

at 1) is shut and that at C opened and air blown through tho 
side tube, so as to mix the solut ion thoroughly ; then the original < 
operation is repeated, and so on. 

Goldschmidt recommends the following method of procedure. 

The separation is conducted in a small slender beaker of about 
40-50 cc. capacity. Instead of the series of standard solutions 
(the density of which is liable to alter) a series of minerals of ] 
known specific gravity are used as indicators ; by means of them it 
is easy to determine the limits as to density which are required to make tho 
separation desired, the constituent minerals having been determined by the 
microscope. For example, suppose it to be desired to separate augite, horn- 
blende, oligoclase, and orthoclase ; labradoritc and albite arc taken as indica- 
tors. Augite falls at once in the concentrated solution ; if diluted till the lab- 
radorite sinks, all the hornblende goes down ; before or with the albite tho 
oligoclase sinks, and the orthoclase is left suspended. By the use of the 25 cc. 
flask, the exact specific gravity in each case can be obtained if desired. Tho 
operation of separation goes on as follows : The rock powder and the indicators 
are inserted with say 30 cc. of the concentrated solution into the beaker spoken 
of, then the whole is stirred vigorously and allowed to settle, and the lighter part 
decanted off. The heavier part which has settled is removed with a jet from 
a wash bottle, without disturbing the lighter fragments adhering to the upper 
part of the beaker. The latter are subsequently removed, washed, dried, 
again washed in the solution, and added to the rest for the further separation. 
If the separations accomplished in this way are not complete, they may be 
repeated most conveniently with the Thoulet apparatus. Under favorable 
conditions, and if the manipulation is skilful, the separation can be accom- 
plished with considerable exactness. For the best results the process must be 
repeated several times. 

Thoulet recommends also (1. c.) this method of determining the specific 
gravity of small fragments of minerals. A float of wax (inclosing any suit- 
able solid body) is made with a specific gravity of from 1 to 2. Tho frag- 
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ments of the mineral are lightly pressed into the wax float, and this intro- 
duced into the Sonstadt solution, of such strength that the float remains in 
equilibrium at any level. If P , V, D are respectively the weight, volume, 

and density of the float alone ^ V — and p y v , d the same values for the 

fragments alone (v = P^ and finally a the density of the liquid in which 
the loaded float is in equilibrium ; then 


A 


P + p 



or 


d = 


_ P A 

P + p — A V 


Breon has proposed (Bull. Soc. Min., iii., 46, 1880) the following method 
for separating different minerals intimately mixed, which is applicable in 
cases where their density is greater than that of the Sonstadt solution. Lead 
chloride and zinc chloride, in appropriate proportions, are fused together (at 
400° C.) and by this means a transparent or translucent solution is obtained 
of high specific gravity. Briefly, tne method of procedure is as follows : A 
conical tube of glass is taken, of about 12 to 15 cc. capacity ; this will allow of 
the treatment of 4 or 5 grams of the mixed minerals. The chlorides of lead 
and zinc, in approximately the proper proportions, are placed in the glass tube 
and this, surrounded by sand, inserted in a platinum crucible. On the ap- 
plication of heat the zinc chloride fuses first, but finally a homogeneous mix- 
ture of the two liquids is obtained. Now, little by little, the mineral frag- 
ments are introduced and the liquid stirred ; then on allowing it to stand for 
a moment the heavier particles sink to the bottom and the lighter ones float. 
The tube is now removed from its sand bath and cooled rapidly. When 
solidified but still hot the glass may be plunged into cold water, in which 
case it will be broken and the fragments can be removed, so that the fused 
mass within can be obtained free. Subsequently the fragments in the upper 
and lower parts of the mass can be separated bv solution in water to which a 
little acetic acid has been added. The author nas operated on minerals vary- 
ing from wolframite (G. = 7-5) to beryl (G. = 2-7), and in some samples 
of sand has separated as many 12 constituent minerals. 

D. Klein (Bull. Soc. Min., iv., 149, 1881) has proposed to use one of the 
boro-tungstate salts in the place of the Sonstadt solution for the separation 
of minerals whose specific gravity is as high as 3-6. The most suitable salt 
for this purpose is the cadmium compound, ILCdaBsWot^ + lO aq. It dis- 
solves at 22° C. in about ^ its weignt of water, and crystallizes out both 
on evaporation and cooling. At 75° C. it melts (best over a water-bath) in 
its water of crystallization to a yellow liquid, on the surface of which a 
spinel crystal (G.=3*55) floats. By the application of the Thoulet appara- 
tus (see above), so arranged as to allow of tne application of heat, solutions 
of any specific gravity, hot or cold, from 1 to 3*6, can be obtained. A num- 
ber of common minerals (e. g. chrysolite, epidote, vesuvianite, some varie- 
ties of amphibole and mica) can be separated by the use of this liquid, while 
the Sonstadt solution is inapplicable. The fragments under examination 
must be free from the carbonates of calcium or magnesium, which decom- 
pose the boro-tungstate of cadmium. 
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iii. light (pp. 125-1G8). 

Measurement of Indices of Refraction . 

For the determination of the indices of refraction of crystallized minerals, 
various improvements have been made in former methods and some new 
methods devised. 

Use of the Horizontal Goniometer . — The ordinary method for determining 
the index of refraction, requiring the observation of tho angle of minimum 
deviation (6) of a light-ray on passing through a prism of tho given mate- 
rial, having a known angle (*r), and with its edgo cut in tho proper direc- 
tion, has already been mentioned (p, 128). The two measurements required 
in this case can bo readily made with the horizontal goniometer of Fucss, 
described on p. 115. In this instrument tho collimator is stationary, being 
fastened to a leg of tho tripod support, but the observing telescope with tho 
verniers moves freely. In the use for this object tho graduated circle is to be 
clamped, and the screw attachments connected with the axis cariwing the 
support, and tho vernier circle and observing telescope are to bo loosened. 
The method of observation requires no further explanation (soo also pp. 
141. 150). 

Total Refcctromctcr . — F. Koiilrauscii has shown (Wied. Ann., iv., 1,1878) 
that the principle of total reduction (p. 128) may bo made use of to deter- 
mine the index of refraction in cases where other mothods arc inapplicable. 
No prism is required, but only a small fragment having a single polished 
surface ; this may bo cut in any direction for an isotropo medium ; it should 
be parallel to the vertical axis in a uniaxial crystal, and perpendicular to tho 
acute bisectrix with a biaxial crystal. Tho arrangements required are, in 
their simplest form, a widc-molithcd bottle filled with carbon disulphide 
(refractive index 1-0) ; the top of this is formed by a fixed graduated circle, 
and a vertical rod, with a vernier attached, passes through the plate and car- 
ries the crystal section on its extremity, immersed in tho liquid. The angle 
through which the crystal surface lying in the axis is turned is thus meas- 
ured in the same way as in f. 412a, by the vernier on tho stationary gradu- 
ated circle. The front of the bottle is made of a piece of pinto glass, and 
through this passes tho horizontal observing telescope, arranged for parallel 
light. The rest of the surface of the bottle is covered with tissue-paper, 
through which the diffuse illumination from sav a sodium flame has access ; 
the rear of the bottle is suitably darkened. When now the observer looks 
through the telescope, at the same time turning the axis carrying the crystal 
section, he will finally see, if tho source of illumination is in a proper obfiquo 
direction, a sharp line marking the limit of the total reflection. The angle 
is then measured off on the graduated circle, when this line coincides with 
one of the spider lines of the telescope. Now tho crystal is turned in the 
opposite direction, and the angle again read off. Half the observed angle 
(2a) is the angle of total reflection ; if n is the refractive index of the car- 
bon disulphide, then tho required refractive index is equal to 

n sin a . 

Under favorable conditions the results are accurate to four decimal places. 
This method is limited, of course, to substances whose refractive index is less 
than that of the liquid medinm with which the bottle is filled. With a seo- 
12 
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tion of a uniaxial crystal, whose surface is most conveniently parallel to 
the vertical axis, the method is essentially the same. The section is so 

f daccd that in it the direction normal to the optic axis is horizontal. The 
ight will be here separated into two rays, having separate limiting surfaces, 
and with a Nicol prism it is easy to determine which of them corresponds 
to the vibrations parallel and perpendicular, respectively, to the optic axis. 
For biaxial crystals the surface should be normal to the acute bisectrix. This 
will give by actual observation the values of a and y, and if 2 E, the appa- 
rent axial angle in air, is known, then /?, the mean index can be calculated 
(see p. 150). Instead of carbon disulphide the Sonstadt solution, with 
n = 1-73, can be employed. The total reflectrometer of Kohlrausch has been 
adapted in practical form to the horizontal goniometer (f. 372a) of Fuess 
(see Liebisch, Ber. Ges. Wat Fr. Berlin, Dec. 16, 1879). Klein has sug- 
gested some improvements ( J. Min., 1879, 880), and Bauer (J. Min., 1882,. 
i., 132) has shown how the method can be simply applied to the instrument 
for the measurement of the optic axial angle (f. 412h), and without its 
modification in any important respect. 

Quincke (abstract in Z. Krvst., iv., 540) has described another method 
for obtaining the refractive index of a substance on the principle of total 
reflection. In a word, it consists in observing on a spectrometer the limit- 
ing angle of total reflection for a plane section of the substance to be inves- 
tigated, brought with oil of cassia between two flint glass prisms. 

Sorby (Pro c. Roy. Soc., xxyi., 384; Min. Mag., i., 97, 194; ii., 1, 103) 
has develcmed the method of obtaining the refractive index of a transparent 
medium, first described by Duke de Chaulnes (1767), and has shown that 
under suitable conditions it allows of determinations being made with con- 
siderable accuracy. This method consists in observing the distance (d) which 
the focal distance of the objective is changed when a plane-plane plate of 
known thickness ( t ) is introduced perpendicular to the axis of the microscope 
between the objective and the focal point — here 



Sorby makes use of a glass micrometer, upon which two systems of lines 

B dicular to each other are ruled. The micrometer screw at g , in the 
msch microscope (f. 412k, p 181), makes it possible to measure the 
distance through which the tube is to be raised and lowered down to *001 
mm. ; consequently both t and d can be obtained with a high degree of 
accuracy. 

Bauer has shown that the indices of refraction may be obtained with con- 
siderable accuracy from measurements, in the plane of the axes, of the distances 
between the black rings in the interference figures as seen in homogeneous 
light. The relation between these distances and the optical axes of elasticity 
was established by Neumann (Pogg. Ann., xxxiii., 257, 1834). Bauer has 
made use of this method in the case of muscovite (Ber. Ak. Berlin, 1877, 704). 
He has also developed the same method as applied to uniaxial crystals and 
employed it in the case of brucite (ib., 1881, 958). 


Polarization Instruments. 

Polariscope . — The earlier forms of polarisoope for converging and for par- 
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allol light, as arranged by Groth and constructed bv Fuess, are shown in figs. 
384, 385, p. ]34. The more ' i10 

recently constructed instru- 41 ^ 4UE * 

meuts (see Liebisch, 1. c., p. 

342 et sap), with some impor- 
tant improvements, are shown 

in f. 412c and f. 41 2d. The Im 

lower tube,/, containing the 
analyzer, has about it a collar, 

/' (see details, figure 412f), 
with a triangular projection 
on the upper edge; this fits 
into one of two correspond- 
ing triangular depressions 
(0® and 45°) in the surround- 
ing tube, g. This serves to 
fix the position of the tube, 
that is, of the vibration-nlane 
of the enclosed Nicol, with ref- 
erence to the fixed arm, B , to 
which the verniers are at- 
tached, so that the principal 
section of the Nicol either co- 
incides with, or makes an 
angle of 45° with the 0° lino 
of the verniers. The circle, i, 
is graduated to 1°, and with 
the vernier gives readings to 
2'; the section to bo examined 
is supported at k. A similar 
collar, u, surrounds the upper 
tube, v , by which the posi- 
tion of the micrometer (at r) 

(this micrometer consists of 
two lines at right angles, one 
of which is graduated) can also 
be fixed relatively to the ver- 
nier so that the graduated line 
of the micrometer is perpendic- 
ular to the plane through the 
axis of the instrument and the 
zero of the vernier. The tube 
above carrying the Nicol has 
at 8 a graduated circle which 
shows the relative directions of 
the vibration-planes of the two 
Nicols. The lenses at n and o 



are arranged so that they may be used all together, when strongly converging 
light is needed, or the small lenses may be removed, so that three combina- 
tions are possible. A small screw at a makes it possible to adjust the position 
of the glass micrometer so that it shall always be in the focus of the lenses at 
o, a point which varies according to the combination of lenses employed. 
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S/auroscope — Calderon's Plate . — The stauroscope is essentially the same in- 
strument as that mentioned in f. 385. Instead, however, of employing the 
Brezina interference-plate of calcite, a double plate is used, as suggested by Cal- 
deron (Z. Kryst , ii., G8). This plate is, in fact, an artificial twin, andismado 
as follows: A calcite rhombohedron is cut through along the shorter diagonal ; 
from each half a wedge-shaped portion is cut away and the two surfaces thus 
produced, after being polished, are cemented together. A plane-plane plate is 
412 g. then cut from this (compare figure) by grinding 

a * away the angles as indicated ; this plate is divided 

..-""‘I into two halves by the line of separation of the 

— 1 artificial twin. Such a plate is very sensitive, and 

| / allows of very exact observations. It is placed at m 

\ - ^ / (f. 412 d), and when the arrangements are completed 

the dividing line of the calcite exactly coincides with 
a vibration-plane of one of the two NIcols. A diaphragm is placed above 
with holes of varying size according to the minuteness of the crystal to be 
examined. The stauroscopic determinations made by Calderon showed an 
error of only 3' to 7\ 

Axial-angle Instrument (see p. 148).— The instrument for the measure- 
ment of the angle of the optic axes is in principle essentially that of Des 
Cloizeaux, but in the details of tho construction various improvements have 



T 


(8 ? e f -, 412H )‘ arrangement of adjustable collars 

at « and/ is employed as in the other instruments, to fix the position of the 
nrmcinal sections of the Ninnls wdnhvftlv fn fUn nla^A i_ n. _ 
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held, there is lierc an arrangement consisting of two concentric tabes, turn- 
ing independently, but so as to be clamped at c. The adjustable disk hav- 
ing a horizontal motion at F, and the spherical segment at H (Petzval 
support) allow of the section being both centered and adjusted. 

Polarucope of Adams- Schneider . — A polariseope of peculiar construction, 
giving a very large field of view, and at the same time allowing of the meas- 
urement of the axial angle, was proposed in 1875 by Adams (Phil. Mag.. IV., 
l.,p. 13, 1875; V., viii., 275). The same instrument has been further devel- 
oped by ScnNEiDER (Carl. Rep., xv., 744), and is also described by Becke 
(Min. retr. Mitth., ii., 430, 1870). The peculiarity of the instrument con- 
sists in this, that the middle plano-convex lenses which ordinarily are fixed 
to the upper and lower lens systems, respectively (see o , o , o , and n, n 9 n, in 
f. 412c), are here separated from the others in a common support, and to- 
gether form a sphere. The course of the light-rays will be always the same, 
however the sphere is rotated about its fixed centre. Between the semi- 
spherical lenses a space is left, and here is introduced the section to be ex- 
amined, which, turning with the surrounding lenses, can obviously be made 
to take any desired position with reference to the axis of the instrument. An 
appropriate arrangement makes it possible to measure the angle through 
which the section must be rotated to bring first one and then the second 
optic axis in coincidence with the axis of the instrument. The advantages 
of the instrument consist in the fact that the field of view is very large, and 
at the same time it allows of placing the section in any desired position rela- 
tively to the axis. Moreover, the angle measured is the apparent angle for 
the glass of which the lenses arc made, so that the axes are visible in cases 
where this would not be the case, because of total reflection, either in air or 
in oil. 


Polarization-Microscope . — The investigation of the form and optical prop- 
erties of minerals when in microscopic form, as they occur, for example, in 
rocks of fine crystalline structure, has been much facilitated by the use 
of instruments specially adapted for this purpose. The most serviceable 
polarizing microscope, for general use, is that described by Rosenbuseh (Jahrb. 
Min., 187(1, 504), and made by Ii. Fuess, of Berlin. A sectional view is 
given in f. 412k. The essential arrangements are as follows : The coarse ad- 
justment of the tube carrying the eye-piece and objective is accomplished by 
4 jo l the hand, the tube sliding freely 

s * . in the support, p. The fine aci- 

Vl ' x j *t 7 i | justment is made by the screw, 

g ; the screw-head is graduated 
^ I and turns about a fixed index 

|j|m| . attached to p y by this means 
jv Tl 1 I the distance through which the 

IT|B tube is raised or lowered can 

111 ii be measured to 0*001 mm.; 

lym this is important in determin- 

| n g indices of refraction 

by the De Chaulnes-Sorbv meth- 

/ ~ 7 TfLn oil (see p. 178). The polarizing 

K \ \5fgpP * \ 4® prism (Razumovsky) is placed 

" »***Mf»J below the stage at r, in a 6up- 

port, w itli a graduated circle, so 
that the position of its vibrat! on-plane can be fixed. The analyzing prism 
is placed above the eye-piece in a support, 8, which may be removed at 
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pleasure ; the edge of this is graduated and a fixed mark on the plate, f % makes 
it possible to set the vibration-plane in any desired position. When both prisms 
are set at tho zero mark, their vibration-planes are crossed (±); when either 
is turned 90°, the planes are parallel (||). The stage is made to rotate about 
the vertical axis, but otherwise is fixed; its edge is graduated, so that the 
angle through which it is turned can be measured to J°. Three adjustment 
screws, of which one is shown at n, n , make it possible to bring the axis of 
the object glass in coincidence with axis of rotation of the stage (see fur- 
ther the detailed drawing at the side). 

This instrument is especially applicable to the study of the form and opti- 
cal properties of minerals as they are found in thin sections of rocks (on tho 
method of preparing sec p. 1.59), although it can also bo used with small in- 
dependent crystals and crystalline sections or fragments. The more impor- 
tant points to which the attention is to be directed, more particularly in tho 
case of minerals in sections of rocks, are : (1) crystalline form, as shown in 
the outline ; (2) direction of cleavage lines; (.']) index of refraction; (4) 
light absorption in different directions, i. c., uichroism or ploochmism ; (f>) 
the isotrope or an isot rope character, and if the latter, the direction of tho 
planes of light-vibration — this will generally decide the question as to tho 
crystalline system ; (C) position of the axial piano and nature of the axial 
interference figures when they can bo observed, and the posit ive or negative 
character of the double refraction ; (7) inelosures, solid, liquid or gaseous. 

In regard to these several points a few general remarks may be made.* 

(1) Crystalline Form. — In most rooks well defined crystals are rather the exception than 
the rule. It will be consequently only in occasional sections (c. g. more commonly in vol- 
canic rooks) that a clear crystalline out line is observed. The form of this outline will de- 
pend upon the direction in which the section is cut, and will vary as it varies ; this fact 
will explain why in a given rock section so many widely different forms of a given mineral 
art; observed ; this irregularity is increased by t lie fact, that the cn slals maybe more or 
less distorted. For tne recognition of the form, consequently, considerable familiarity 
with the various outlines likely to occur in the case of a given species is very desirable. 

The angles lietwccn any two crystalline directions is obtained by first, bringing one of 
them in coincidence with a spider Jim* in the eve-piece, the adjustment at TV having been 
previously made, and then noting the angle through which the cnstal, i. e., tin? stage, 
must be rotated to bring the other direction in coincidence with the same spider line. 

(2) Cleavage . — The process of grinding involved in the making of a thin section tends to 
develop the cleavage lines. Here are to be noted. (1) the d recti <m of cleavage (measured 
as above), depending on the direction in which the section is cut : and (2) the character of 
the cleavage. For example, a basal section of a crystal of amphilwdc shows tin* cleavage 
lines parallel to tho prism (124$°); a vertical section shows one set of vertical and parallel 


* For the full development of this subject, see the works of Rosenhuscu and Zikkel 
(titles on p. 111.) ; also the following : 

Bokicky, E. Elemente eincr ncuen chcmisch-mikroskopischcn Mineral- und Gcstcins- 
analyse, 72 pp. 4to, Prag, 1877. 

Cohen, E. Saramlung von Mikrophotographiecn zur Vcransohaulichung dor mikroskop- 
ishen Struetur von Mineralien und Gcsteinen, uufgcnommcn von J. Grimm in Orenburg, 
1, 2, 3, 4, 5 Lfg., Stuttgart, 1881-82. 

Doelter. Die Bestimmung der petrographiseh wichtigeren Mineralien durch dns Mikro- 
skop ; Eine Anleitung zur mikroskop. Geste ins- Analyse, 30 pp. 8vo, Vienna, 1870. 

Fouquk, F. and Mjchel-Lkvy, A. Mintralogie micrograph ique, roches 6ruptivcs Fran- 
gaiscs, 509 pp. 4to, Paris, 1879. 

Rutley, F. The Study of Rocks, 819 pp. 12mo, London, 1879. 

Tnorurr. Contributions a lYtudc dcs propriety physiques ct chemiques dcs mintraux 
microscopiques, 77np. 8vo, Paris. 

Hawes, G. W. Tne Mineralogy and Lithology of New Hampshire (Geology of New 
Hampshire, vol. iii.t, 262 pp. 4to, with 12 plates. Pages 8-18 of this work give an excel- 
lent summary of microscopic methods of investigation, as applied to rocks and minerals. 
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cleavage lines. On the other hand, a basal section of a crystal of pyroxene shows the pris- 
matic cleavage, here less perfect than in the amphibole, and at an angle of 87° and 93° ; 
a vertical section again shows only one set. Also a basal section of mica shows no cleav- 
age lines, but a vertical section shows a senes of very fine parallel lines corresponding to 
the highly perfect basal cleavage. 

(3) The index of refraction is obtained by the method of the Duke de Chaulnes, as devel- 
oped by Sorby (see p. 178). 

(4) Mc.oeh roixm . — To examine the pleochroism of a mineral section, the lower prbm is 
inserted and set at 0°, so that its vibration-plane coincides with the direction 0° to ISO" on 
the stage. If now the section be placed on the stage and the latter rotated, the absorption 
of the light vibrating in the same plane with the prism can l>e observed. For example, a 
vertical section of biotite is dark when the direction of the cleavage lines is | with the above 
named line (0° to 180° of stage', for the light which it transmits has vibrations in thi> plane 
only, and these are strongly absorb'd ; on the contrary, when the stage is rotated 90 the 
section becomes light, because the light vibrating | to this direction, is but slightly ab- 
sorbed ; on the other hand, a basal section shows no difference of light absorption. 

(5) Isotrope or Animtrope , etc. — Supposing the prisms in position and placed with their vi- 
bration planes perpendicular, a section of an amorphous substance, as glass, will remain 
dark in all positions as it is rotated upon the stage, for it has sensibly the same light-elastic- 
ity in all directions, since no one direction has any advantage over another. 

A section of an isometric mineral will also remain dark as it is revolved between the 
crossed prisms. A section of a tetragonal or hejagonat crystal parallel to the base will also 
remain unchanged between crossed prisms ; a vertical section, or one inclined to the base, 
will 1 k» dark only when the directions of the spider lines coincide with the vertical and trans- 
verse directions ; in other words, the extinction directions are 11 and 1 to the prism. A 
section of an orthorhombic crystal will have its directions of extinction coincident with the 
crystallographic axes. A section of a monoelinic crystal cut parallel to anv direction in the 
orthodiagonal zone will have its extinction directions parallel to the clinodiagonal axis and 
perpendieubir : that is, if prismatic in habit. || ami j to the prism, hence in this position 
it. cannot l>e distinguished from an orthorhombic enstal. Oil the other hand, in the <use of 
a sect ion cut in any other plane, the position of the extinction directions will depend upon 
the individual crystal. For the exact determination of these directions with irfercncoto 
any crystallographic lines present, the method of 1 lie stuurosoopc must he emj loved For 
minute sections a quartz plate (± vertical nxisl is sometimes inserted i ZZ at it in f. 412k); 
this gives for a proper position of the upper prism a field of uniform delicate color (say 
violet). A section of an nnisot rope mineral placed on the stage will have the same color only 
when its extinction directions are m and i to the vibration plane of the lower prism (/r, in 
f, 412 k). A special eve-piece (see f. 412k) provided with a Calderon plate is also sometimes 
employed. 

(0) If the eye-piece is removed, and at the same time suitable lenses added, tw T o at T (t. 
412k) and one above, strongly converging light is obtained. In many eases when the sec- 
tion is cut in the projior direction, the axial interference figures can be seen as distinctly as 
in the ordinary poluriscope. A J -undulation mica plate nu kes it possible in such eases to 
determine the + or - character of the double refraction. On the use of mieroseofn* for the 
observation of the optic axes, see v La sail lx, J. Min., 1878, 377, and Z. Kryst., ii., 250 ; Ber- 
trand, Bull. Soc. Min., 1878,27 ; Klein, Nnchr. tics. Wiss. Gottingen, 1878, 4G1 ; Laspeyres, 
Z. Krvst., iw. 400. 

(7) For a description of the various inclosures often observed in sections of minerals, and 
the method of studying them, reference must be made to the works referred to above. 

When it is desired to observe the effect of increased temperature on the mineral sect ions or 
their enclosures (e.g. liquid CO.) the air bath (f. 412 l) heated bv the lamp, L, and provided 
wirii a delicate thermometer, is employed. This tits into the stage at T y and the section is 
placed al>ove at ss. 

Microscope of Bertrand . — Bertrand (Bull. Soe. Min., iv., 97-100, 1880) 
lias devised a form of microscope espeeially adapted for mineralogieal work, 
and allowing of the determination of the form and optical properties of min- 
erals in crystals or sections so small that they cannot be employed in the or- 
dinary polar i scopes. The tube carrying the eye-piece and objective has the 
ordinary coarse and fine adjustments ; the former is accomplished by a rack 
and pinion movement, and is measured by a scale and vernier; the latter is 
made by a screw with a graduated head situated similarly to that in the Ro- 
senbusch microscope. An opening in the tube above the objective allows of 
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the introduction of a little slide carrying a small lens, whose vertical position 
can be adjusted by an appropriate rack and pinion turned by a screw head ; 
this auxiliary lens may either magnify the interference figures of the crystal 
section or else the section itself, when the position of the former is properly 
adjusted. The objective can be centered by horizontal screws, and immedi- 
ately above it a quartz wedge, or quarter-undulation plate of mica, can be in- 
troduced for the determination of the character of the double refraction. 
The stage has two movements in directions at right angles to eacli other, for 
each of which a special scale with a vernier is supplied ; also, the stage ro- 
tates in a horizontal plane, and is supplied with a graduation to allow of the 
measurement of the angle of rotation. The lower polarizing prism is supplied 
with several lenses for producing strongly converging light, and by a screw 
can be moved in a vertical direction. In addition, a small goniometer with 
oil bath is provided, which can be placed upon the stage, and which allows 
of the measurement of the optic axial angle of the section under examination. 
The special advantages of this instrument, as shown by the observations of the 
inventor with it, as also those of Des Cloizeaux, are that it allows of all the 
necessary optical determinations even in crystals or crystal sections which are 
extremely minute. 

On the Cause of the so-called Optical Anomalies of Crystals . 

[The following 1 paragraphs contain a brief statement of the results of some of the more 
important of recent investigations bearing upon the subject of the “Optical Anomalies ” of 
crystals. It will be seen that the main point at issue is as to the true explanation of the 
phenomena of double-refraction, observed in many crystallized minerals of apparent iso- 
metric form las garnet, iluorite, boracite, anakite, etc.*, and analogous variations from the 
theoretical optical character in crystals apparently tetragonal, hexagonal, etc. (as vesuvi- 
anitc, zircon, corundum, beryl, pie.). Are these “optical anomalies” a proof that the appa- 
rent symmetry of the observed form is only pseudo-symmetry, being due to the complex 
twinning of parts of lower grade of symmetry than that whieh the crystal as a whole simu- 
lates? Jn other words, do the optical properties actually lnlong to the inherent molecular 
structure of the parts of the crystal? Or, does the geometrical form of the whole really 
represent the true symmetry of the crystal, and are these phenomena (of double-refraction 
in isometric crystals, for example) duo to secondary causes, such as internal tension pro- 
duced during the growth of the crystal, and so on ? 

In regard to this subject, it may lx; remurked that it is beyond question, on thconc hand, 
that />* (it <I' i- v // m m v t ry is to some extent a law of nature, for the crystals of many minerals 
of unquestioned orthorhombic character simulate hexagonal forms (e. g., aragonite) ; on tho 
other mind, it is equally certain that the phenomena of double-refraelion may be produced 
in colloid or crystalline i sot rope media by a state of tension, and similarly that uniaxial 
crystals may lie made biaxial by pressure and so on. Which of these two explanations is 
to be applied in the large number of cases now under discussion cannot l>o regarded as 
settled, although the writer inclines to the opinion that the second explanation, more fully 
detailed later, will l>e found to hold true in the case of the majority. This does not seem, 
however, to be the place nor the time for a full review of the testimony whieh has been ac- 
cumulated oil both sides of the question ] 

There are a considerable number of minerals, the crystals of which exhibit 
optical phenomena which are not in accordance with tho apparent symme- 
try of the crystalline form. Cases of this kind were observed by Brewster 
(1815 and later), and investigated by him with a remarkable acuteness con- 
sidering the imperfect instruments then available. For example, alum, anal- 
cite, boracite, diamond, fluorite, halite were shown bv Brewster to exert an 
effect on polarized light not in accordance with their apparent isometric 
form. With the improved methods and means of investigation at the dis- 
posal of mineralogists in recent times, the list of minerals whose crystals ex- 
hibit “optical anomalies ” has been very largely increased. 
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In explanation of these anomalies, various hypotheses have been advanced. 
Brewster explained them in the case of diamond as due to local tension 
connected with solid or gaseous inclosures. In 1841 Biot published his 
memoir on lamellar polarization (C. R. xii., 967 ; xiii., 155, 391, 839), and 
explained the optical characters of the minerals named above, as also the 
tetragonal apophyllite. as due to that cause. The idea advanced by him was 
that the ciwstal was made up of thin lamellae, which exerted on transmitted 
light an effect analogous to that of a bundle of parallel glass plates. Volger 
(1854-5) attempted to show that in the case of boracite the anomalous opti- 
cal properties were due to the presence of a doubly-refracting anisotrope 
mineral, parisite, derived from alteration ; much later (1868) this view was 
accepted uy Des Cloizeaux. Marbach (Pogg. Ann., xciv., 412, 1855) dis- 
cussed the question more broadly, and concluded that the phenomena ob- 
served were due to the presence m the normal substance of abnormal aniso- 
trope portions, which last owed their existence to a tension produced at the 
time the crystal was formed. It was further shown by von Reusch (ib. cxxxii., 
618, 1807) that the hypothesis of Biot was not sufficient to explain tne observed 
facts in the case of alum. He also took up the view of Marbach, and follow- 
ing out much the same idea as that of Marbach, reached the conclusion that 
the anisotrope characters of isometric crystals were due to the condition of 
internal tension existing within the crystal. As bearing upon the question 
ho proved by experiment that by suitable pressure, in the case for example 
of alum crystals, the double-refraction could be removed. The influence of 
pressure in causing double refraction was early investigated by F. E. Neu- 
mann (Pogg. Ann., liv., 449, 1841), and by Pfaff (ib., evii., 333 ; cviii., 
578, 1859). The subject has also been discussed by Hirschwald (Min. 
Mitth., 1875, 227). 

More recently the idea of internal molecular tension as a cause of anoma- 
lous optical characters has been developed by Klocko, Jannettaz, Klein, Ben 
Saude and others, as more particularly described later. 

In 1870 Mallard published his most important memoir (Ann. Min., 
VII., x., 60-196) upon this subject, in which he not only gave a very large 
number of new facts of a similar nature, but also advanced a new explana- 
tion which has been warmly accepted by some mineralogists. He regards 
all the indications of double-refraction observed in apparent isometric crys- 
tals, and analogous variations from the normal character in crystals of other 
systems, as proof that the form is only apparently isometric, tetragonal, and 
soon (pseudo-isometric, pseudo-tetragonal, etc.), the union of several indi- 
vidual crystals giving rise to an external form of a higher grade of symmetry 
than that which they themselves possess. On his view, an apparent iso- 
metric cube mav, in fact, be a combination of six uniaxial crystals (count- 
ing two parallel as one, in fact only three independent), each having the 
form of a square pyramid, united so that their bases form the sides of the 
cube, and their vertices are combined at the centre. Again, an apparent 
regular octahedron may bo made up of eight uniaxial triang&lar pyramids, 
similarly placed ; a dodecahedron of twelve rhombic pyramids (boracite), or 
perhaps of forty-eight triclinic triangular pyramids, the bases of four com- 
bining to form a rhombic face. In most of these cases the optic axis coin- 
cides with the axis of the pyramid. 

Mallard thus includes among pseudo-isometric species : alum, analcite, 
boracite, fluorite, garnet, senarmontite ; among pseudo-tetragonal species : 
apophyllite, mellite, octahedrite, rutile, vesuvianite, zircon ; among pseudo- 
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hexagonal species : apatite, beryl, corundum, penninite, ripidolite, tourma- 
line ; pseudo-orthorhombic species : harmotome, topaz ; pseudo-monoclinic : 
orthoclase. 

Many observations similar to those of Mallard have been made by Ber- 
trand (in Bull. Soc. Min., 1878-1882), who applies the same method of 
explanation to them. For explanation, Bertrand has described crystals of 
garnet which were biaxial, with an angle of about 90° ; a hexoctahedron 
being made up, in his view, of forty-eight triangular pyramids, four to each 
pseudo-rhombic pyramid. Each pyramid is biaxial, with the acute negative 
bisectrix nearly normal to the base, and the axial plane coincides with the 
direction of the longer diameter of the rhombic face. Further, apparent 
tetrahedral crystals of romeite are regarded as formed of four rhombohedrons 
of 120°, placed with their vertices at a common point. Also in the case of 
romeite the octahedrons are, in bis view, formed by the grouping of eight 
rhombohedral crystals of 90° about a central point. The above will serve as 
illustrations. Bertrand lias extended his observations over a considerable 
number of species, and the explanation given by Mallard of the optical phe- 
nomena just described is strongly supported by him, as against the Mar- 
bach -Ron sch theory of molecular tension, more minutely described below. 
Bertrand urges (Bull. Soc. Min., v., 3, 1882) that a true doubly-refracting 
crystal, whether simple or a complex twin, can always be distinguished from 
a crystal normally isotrope, but modified through internal tension or any 
other cause. The difference, he states, is to be seen in parallel polarized 
light, where the former will show a distinctness and uniformity of character 
which does not belong to the latter ; still more clearly in converging light, 
where the truly doubly-refracting crystal shows throughout the same char- 
acters, each fragment into which the section may be broken giving the iden- 
tical uniaxial or biaxial figures with the whole; on the other hand, this can- 
not be true of tbo different parts of a crystal made doubly-refract ing through 
some cause, as contraction, and so on. As illustrations of these facts, lie 
appeals to boracite, garnet, pharmaeosideritc, etc., stating that, as the re- 
sult of his observations, they fall into the former class. He speaks further of 
octahedrons of boracite formed of twelve biaxial crystals, a?id of romeite 
formed of eight uniaxial crystals, as showing that the internal structure is 
independent of the external form ; as bearing further upon this point, it is 
stated that the imperfect crystals of the garnet rook of Jordansmiihl show 
the same twinning of biaxial individuals as do isolated crystals of garnet, 
whose external form is complete. But reference must bo made to the obser- 
vations alluded to beyond, which do not entirely support the conclusions of 
Bertrand. 

This subject has been discussed by Giiattarola, who in clinics calcite, 
quartz, nepbelite, barite, etc., in the list of species which have an apparent 
symmetry higher than that which really bclomrs to them ; his conclusions, 
however, are not based upon observations (Dell’ uni til cristallonomica in 
Mineralogia, Florence, 1877). 

In many other cases, besides those mentioned above, observers have, on the 
basis of variation in angles, or of optical characters, reached the conclusion 
that the species in question really belongs to a system of lower symmetry than 
that to which it has been ordinarily referred. For example, see Des Oloizeaux 
on microcline and milarite ; Rumpf on apophyllite (Min. Petr. Mitth., ii., 
369); Becke on chabazite ( i b. , ii., 391), and hessito (ib., iii., 301); 
Schrauf on brookite (Ber. Ak. Wien, lxxiv,, 535 and Z. Kiyst., i., 274) and 
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other species ; Brezina on antunite (Z. Kryst., iii., 273); Tschermak on tho 
micas (Z. Kryst., ii., 14) and corundum (Min. Potr. Mitth., ii., 362) ; and 
many other cases. These last named observations, however, do not generally 
admit of l>eing explained on the hypothesis of Mallard. In many of them the 
conclusions reached are beyond doubt correct, in others the question must be 
regarded as still undecided. 

Tschermak proposes the term mimetic for those forms (“mimetischc For- 
men ”), which imitate a higher grade of symmetry by the grouping (twinning) 
of individuals of a lower grade of symmetry, as for example, aragonite ; also, 
chabazite, which, according to Becke, is apparently rhombohedral, but, in 
fact, formed by a complex twinning of triclinic individuals (this conclusion, 
however, is not universally accepted). He also uses the term pseud asym- 
metry to describe the phenomena in general (ZS. G. Gcs., xxxi., 637, 1870, and 
Lohrb. Min., p. 89 et seq., 1881). 

The explanation of the optical phenomena referred to above, which was 
presented by Marbaoh and later developed by Keusch, has been recently still 
further elaborated by Klocke (J. Min., 1880, i., 53, 158), Klein, Jannettaz, 
Ben Saude. Klocke's first observations were made upon artificial crystals of 
alum, lie found that each crystal (contrary to earlier statements) showed 
doubly refracting properties as strongly normal to an octahedral plane a9 in 
other directions. A section parallel to this plane was divided into six sectors 
by radial lines passing from the angles to the centre ; the directions of extinc- 
tion in each sector being || (parallel) and (perpendicular) to its outer edge, 
these directions consequently coinciding for each pair of opposite sectors. 
These sectors behaved as if made up of hands in a state of tension parallel to 
their longer direction ; a similar result was obtained by subjecting a six-sided 
octahedral and isotrope alum section to pressure perpendicular to two of its 
edges, lie found further that all the sections of the same crystal, independ- 
ent of the crystallographic orientation, were alike as regards t lie direction of 
the tension, and that all crystals made at the same time, that is, under tho 
same conditions, yielded identical results; but this was not true of crystals 
made at different times. Further it was found that the distortion peculiar to 
the crystal exerted an essential effect upon tho number and arrangement of 
the optical sectors, and that flic position which the crystal occupied in tho 
vessel during its formation was nlao an important factor. 

Later the same author (J. Min., 1881, ii., 249) has extended his observa- 
tions to somo of the species exhibiting pseudo-symmetry . lie shows, among 
other results, that pressure exerted normal to the vertical axis of a section of a 
tetragonal or hexagonal crystal which has been cut J_ c ( vert. ), changes the uni- 
axial interference figure into a biaxial, and with substances optically positive, 
the plane of tho optic axes is parallel, and with negative substances normal, 
to the direction of pressure. This was observed on sections of vesuvianite 
and apophyllito which exhibited uniaxial portions. Many sections are divided 
into four optical fields (biaxial) with the axial plain perpendicular to the 
edge. Tho behavior of each field in a section of apophyllite consequently is 
(optically 4 .see above) as if in a state of tension parallel to the adjacent com- 
bination-edge with the prism; but with vesuvianite (optically — ) the direc- 
tion of tension is perpendicular. This explanation is supported by the fact 
that pressure exerted in the proper direction serves, in accordance with the 
above principles, respectively to increase or diminish the axial angle. Tho 
author also succeeded in obtaining axial interference figures visible in con- 
verging polarized light in gelatine sections when under pressure ; the same 
phenomenon in parallel light had been earlier observed. 
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On tho observation? of Jannettaz, showing the effect of internal tension 
in causing double-refraction, see Bull. Soe. Min., ii., 1:24 ; ii., 11)1 ; iii, 20. 

The results of the observations of Klein (J. Min., 1880, ii., 200; 1881, 
i., 239) on boracite have an important bearing upon this subject. As stated 
above, it is included by Mallard among the pseudo-isometric species. B ising 
his results more especially upon the examination of crystals of dodecahedral 
habit, Mallard concluded that the apparent simple form is mado up of twelvo 
rhombic pyramids whose basal planes form tho twelve faces of the dodecahe- 
dron. Baumhauer, on the basis of results of etching experiments, more par- 
ticularly on crystals of octahedral habit, concluded that the species was or- 
thorhombic, the apparent simple form being mado up of six individuals whoso 
bases would coincide with the cubic pianos (p. 187). The observations of 
Klein show that tho structure of the crystals of different habits vary — sorno 
agreeing with the scheme of Mallard— some with that of Baumhauer; ho 
shows, however, very conclusively (as it seems to the writer) that this appa- 
rently complicated structure is probably due to internal tension produced 
during tho growth of the crystals. Crystal ^graphically there is no variation 
in angle from the requirements of the isometric system to ho observed. In 
regard to the optical characters, lie shows that tho interior optical structure 
does not correspond to t lie exterior pianos ; that the etching figures do not 
correspond to the optical limits; that a cluing.? of temperature alters tho 
relative position of the optical fields without influencing the form of tho 
etching figures; that tho differently orientired optical portions lose their 
sharp limits, they change their position relatively, some disappearing in part 
or whole, and others appearing.* Klein has also made a series of optical 
studies on garnet (Nadir. Ge.s. Wiss. Gottingen, June 28, 1882), and after a 
review of the whole subject decides in favor of the true isometric character of 
the species ; the double-refraction phenomena observed being due to secondary 
causes. 

Ben Satde (J. Min., 1882, i., 41) has investigated anal cite, and arrived at 
the conclusion that with it also tho abnormal optical characters arc to he ex- 
plained by internal molecular tension, lie shows that the crystals are formed 
of different optical parts, in combinations of 30 with tho cube and trapozo- 
hedron together, and 24 for tho trapezohulron alone, the form of which 
changes as the outer surfaces of the crystals change. The structure can bo 
explained in this wav, as made up of pyramids going from each piano to tho 
middle of the crystal having the plane as its base, with as many side's as there 
are edges to the plane; as the outer form changes the optical structure 
changes correspondingly ; every edge corresponds loan optical boundary, and 
every plane to an optical field. All these double-refraction phenomena are 
explained as due to secondary causes. Moreover, the author lias proved that 
gelatine cast into the form of the natural crystals has on solidifying an analo- 

*A memoir by Mallard (Bull. Soc. Min., w, 144, 1882) upon the effect of heat upon bo- 
racite crystals was received just as these padres were going to press. Mallard details the 
results of numerous experiments, and concludes that the effect of heat does not modify the 
form of the ellipsoid of elasticity, nor the position of the six different orientations which it 
can have ; it only modifies the choice made by each of the crystal sections between the six 
orientations. From this it is concluded that this ellipsoid is in fact characteristic of the 
crystalline reseau of the species, and that the apparent isometric symmetry is due to tho 
method of grouping alluded to. Analogous results were obtained with crystals of potas- 
sium sulphate (orthorhombic, pseudo-hexagonal like aragonite), and the conclusion is drawn 
from this that a perfect analogy exists between the so-called pseudo-isometric crystals and 
the pseudo- hexagonal. 
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gons optical structure, showing the same sections, the same directions of light- 
extinction, and under favoring conditions the same position of the optic axes. 
Ben Saude has also examined perofskite (Gekronte Preisschrift derUnivcrsitat 
Gottingen, 1882) from the same standpoint, with reference to the etching- 
figures and optical phenomena. lie concludes that it is to be referred to the 
isometric system, and that the double refraction is to be explained as caused 
by changes in the original position of equilibrium produced in the growth of 
the crystals. This conclusion, however, is at variance with the results of 
the observations of others. 
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PART II 


CHEMICAL MINERALOGY. 


Minerals are either the uncombined elements in a native state, or com 
pounds of these elements formed in accordance with chemical laws. It is 
the object of Chemical Mineralogy to determine the chemical composition 
of each species ; to show the chemical relations of different species to each 
other where such.exist; and also to explain the methods of distinguishing 
different minerals by chemical means. It thus embraces the most import- 
ant part of Determinative Mineralogy. 


Chemical Constitution of Minerals. 

In order to understand the chemical constitution of minerals, some 
knowledge of the fundamental principles of Chemical Philosophy is 
required ; and these are here briefly recapitulated. 

Chemical dements . — Chemistry recognizes sixty-four substances which 
cannot be decomposed, or divided into others, by any processes at present 
known ; these substances are called the chemical elements. Or these 
oxygen, hydrogen, and nitrogen are fixed gases; chlorine and fluorine are 
generally gases, but may he condensed to the liquid state ; bnotnino is a 
volatile liquid ; and the rest, under ordinary conditions, quicksilver excepted, 
are solids. Of these last carbon, phosphorus, arsenic, sulphur, boron, (tel- 
lurium), selenium, iodine, silicon, generally rank as noil-metallic elements, 
and the others as metallic.* 

Molecules ; Atoms . — By a molecule is understood the smallest portion of a 
substance which possesses all the properties of the matter itself; it is the 
smallest division into which the substance can be divided without loss or 
change of character. The molecule of water is the smallest conceivable 
particle which can exist alone, and which lias all the properties of water. 
An atom is the smallest mass of each element which enters into combina- 
tion with others to form the molecule. Thus two chemical units, or atoms, 
of hydrogen unite with one atom of oxygen to form th z physical unit, or 
molecule, of water. 

Atomic weights . — The relative weights of the chemical units, or atoms, 
of the different elements are their atomic* weights. For the sake of uni* 

* Recent investigations have added a considerable number of supposed new elements 
to the list on the following page. 
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formity the atom of hydrogen, the lightest of all the elements, lias been 
adopted as the standard or unit. The absolute weight of the atoms cannot 
be determined ; but their relative weight can in many cases be fixed beyond 
question. When the elements are gases, or form gaseous compounds, the 
atomic weights are determined directly. Thus in hydrochloric acid gas 
there are equal volumes of hydrogen and chlorine, or, chemically expressed, 
one atom of hydrogen combines with one atom of chlorine ; by analysis it 
is found that in 100 parts there arc 2*74 by weight of hydrogen, and 97*26 
of chlorine ; hence if hydrogen be taken as the unit, the atomic weight of 
chlorine is 35*5, since 2*94 : 97*26 = L : 35*5. 

Where the elements, or their compounds, are not gases, the atomic weights 
are determined more or less indirectly, and are sometimes not entirely free 
from doubt. The analysis of rock-salt gives us, in 100 parts, 60*68 parts of 
chlorine, and 39*32 parts of sodium ; now if, as is believed, the number of 
units of each element involved is the same, or in other words, if the mole- 
cule consists of one atom each of chlorine and sodium, then the atomic 
weights will be as 60*68 : 39*32 ; or 35*5 : 23, since that of chlorine = 35*5. 
Hence the atomic weight of sodium is 23, when referred, like chlorine, to 
that of hydrogen as the unit. There is an assumption in such cases as to 
the number or units of each element involved which may introduce doubt, 
so that other methods are applied which need not be here detailed. 

The following table gives the atomic weights of the elements. The symbols 
used to represent an atom of each element are shown in the table ; in most 
cases they are the initial letter or letters of the Latin name. When more than 
one atom is involved in the formation of a compound, it is indicated by a 
small index number placed below, to the right : as Sb 2 O s , which signifies 2 
of antimony to 3 of oxygen. The quantity by weight of any element enter- 
ing into a compound is always expressed either by the atomic weight or 
some multiple of it ; hence the atomic weights are strictly the combining 
weights of tne different elements. 


Atomic Weights. 


Aluminum 

A1 

27 3 

Cobalt 

Co 

59 

Antimony 

Sb 

122 

Colurabium (Niobium) 

Cb (Nb) 

94 

Arsenic 

As 

75 

Copper 

Cu 

68*4 

Barium 

Ba 

137 

Didymium* 

D 

96o 

Bismuth 

Bi 

208 

Erbium 

E 

112*6 

Boron 

B 

11 

Fluorine 

F 

J9 

Bromine 

Br 

80 

Gallium 

Ga 

69*8 

Cadmium 

Od 

112 

Glucinum (Beryllium) 

G (Be) 

9 

Ccesium 

Cs 

183 

Gold 

Au 

196 

Calcium 

Ca 

40 

Hydrogen 

H 

1 

Carbon 

C 

12 

Indium 

In 

113*4 

Cerium* 

Ce 

92 

Iodine 

I 

127 

Chlorine 

Cl 

35-5 

Iridium 

It 

198 

Chromium 

Cr 

52 

Iron 

Fe 

56 


* By the determination of the specific heats of cerium, didymium, and lanthanum, Dr. 
Hillebrand has shown recently that the oxides of the three metals are sesquioxide# (Ce«0», 
DisOs, La 3 0»), and corresponding to them the atomic weights should be Ce = 183, Di = 
144 * 8 , La = 189. (Pogg. Ann., drill., 71, 1876.) 
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Lanthanum 

La 

93 5 

Selenium 

Be 

79 

Lead 

Pb 

207 

Silver 

Ag 

108 

Lithium 

Li 

7 

Silicon 

Si 

28 

Magnesium 

Mg 

24 

Sodium 

Na 

28 

Manganese 

Mn 

55 

Strontium 

Sr 

88 

Mercury 

Hg 

200 

Sulphur 

S 

82 

Molybdenum 

Mo 

96 

Tantalum 

Ta 

182 

Nickel 

Ni 

59 

Tellurium 

Te 

128 

Nitrogen 

N 

14 

Thallium 

T1 

204 

Osmium 

Os 

200 

Thorium 

Th 

281 

Oxygen 

0 

16 

Tin 

8n 

118 

Palladium 

Pd 

106 

Titanium 

Ti 

50 

Phosphorus 

P 

81 

Tungsten 

W 

184 

Platinum 

Pt 

198 

Uranium 

TJ 

240 

Potassium 

K 

89 

Vanadium 

V 

51*4 

Rhodium 

Ro 

104 

Yttrium 

Y 

61*7 

Rubidium 

Rb 

85*4 

Zino 

Zn 

65 

Ruthenium 

Ru 

104 

Zirconium 

Zr 

90 


Atomicity ; Quantivalence. — The combining power of each element is 
measured by the number of hydrogen atoms with which it combines in 
forming a chemical compound. In hydrochloric acid (UC1), one atom of 
hydrogen combines with one of chlorine ; in water (II a O), two atoms of 
hydrogen combine with one of oxygen ; in ammonia (I1 8 N), three atoms of 
hydrogen combine with one of nitrogen ; and in marsh gas (ll 4 0), four 
atoms of hydrogen are required to enter into combination with one carbon 
atom. 

By the examination of compounds of all the elements we are able to fix 
the combining power, or quantivalence , of each, expressed in hydrogen 
unit6. All those elements which combine with one atom of hydrogen, or 
an element which (like chlorine) has the same quantivalence, are called 
monads ; those which require two of hydrogen, or two other monad atoms, 
in forming the compound, are called dyads ; those uniting with three atoms 
of hydrogen are called triads • and similarly tetrads, pentads, hexads, and 
heptads . 

The adjective terms univalent, bivalent, trivalent, quadrivalent, etc., are 
also employed with similar meaning. Atoms having the same degree of 
quantivalence are said to be equivalent / this is true of Na and K, both 
monads, and they may replace each other in similar compounds; but it 
requires two sodium atoms to be equivalent to one calcium atom, since the 
latter is a dyad. 

The degree of quantivalence may vary for many of the elements in 
different compounds; for example, in FeO or FeS, iron (Fe) is bivalent, 
since it satisfies or is combined with simply a dyad ; in FeS a , it is Quadri- 
valent, since it is united to two atoms of a dyad ; and, similarly, in [Fe 2 ]0 8 
it is sexi valent (for the double atom). 

Perissads : Artiads . — Those elements whose atoms have an odd quanti- 
valence (I, III, V, or VII), are called perissads ; those whose quantivalence 
is even (11, IV, VI) are called artiaas . These terms, perissad and artiad, 
are derived from 7 repurao*: and apnos, the words for odd and even in 
ancient arithmetic. The following table gives the division of the ele* 
ments into these two classes, and shows, also, the quantivalence of each elo 
ment : , 0 
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Abtiads. 


PeRISBADB. 

Monads : — 

Hydrogen* 

Fluorine. 

Chlorine, T, III, V, VII. 
Bromine, I, III, V, VII. 
Iodine, I, III, V, VIL 

Lithium. 

Sodium, I, III. 
Potassium, I, HI, Y. 
Rubidium. 

Cesium. 

Silver, I, III. 
Thallium, I, HI. 

Triads 

Nitrogen, I, III, Y. 
Phosphorus. I, III, V. 
Arsenic, I, III, V. 
Antimony, III, V. 
Bismuth, III, Y. 

Boron. 

Gold, I, IH. 

Pentad* : — 

Columbium. 

Tantalum. 

Vanadium, IH, V. 


Dyads : — 

Oxygen. 

Sulphur, II, IV, VI. 
Selenium, H, IV, VI. 
Tellurium, II, IV, VI. 

Calcium, II, IV. 
Strontium, II, IV. 
Barium, H, IV. 

Magnesium. 

Zinc. 

Cadmium. 

Glucinum. 

Yttrium. 

Cerium. 

Lanthanum. 

Didymium. 

Erbium. 

Mercury [Hg a ] n , II. 
Copper [0u a ] n , II. 


Tetrads : — 

Carbon, 

Silicon. 

11, IV. 

Titanium, 

n, iv. 

II, IV. 

Tin, 

Thorium, 

Zirconium. 

Platinum, 

II, IV. 

Palladium, 

U, IV. 

Lead, 

Indium. 

H, IV. 

Hexads 

Molybdenum, 11, TV, VI. 

Tungsten, 

IV, VL 

Ruthenium, 

IT. IV, VI. 

Rhodium, 

II, IV, VI. 

Iridium, 

11, IV, VI. 

Osmium, 

II, IV, VI. 

Aluminum, 

IV, [A1,] VI . 
II, IV, VL 

Chromium, 

Manganese, 

II, IY t VI. 

Iron, 

Cobalt, 

II, IV, VI. 

II, IV. 

Nickel, 

II. IV. 

Uranium, 

II, IV. 


The general divisions of chemical compounds now accepted are as fol- 
lows. 

1. Binaries , where the atoms are directly united. Examples are given 
by the compounds of a jiositive (basic) element with oxygen (NaX>, CaO, 
CSOjj), called oxides ; those with sulphur, chlorine, bromine, iodine, etc., 
called sulphides, chlorides , etc. Binary compounds of a negative element 
with hydrogen (as IIC1, IlBr) form acids. 

2. Ternaries, where the atoms are united by means of a third atom, as 
oxygen, sulphur, etc., as CaS0 4 , Mg a Si0 4 , etc. 

Among minerals there are three classes of compounds : (1) The Native 
Elements ; (2) Binary compounds, including the sulphides , oxides , chlorides , 
iodides, fluorides ; (3) Ternarv compounds, including sniph-arsenite # , etc., 
hydrates (hydrated oxides), silicates , mostly salts of the acids II 4 Si0 4 and 
li 2 Si() 3 , tantalates, columbates, phosphates, arsenates, sulphates, chromates, 
carbonates, etc. The full enumeration of these compounds, with their gen- 
eral chemical formulas, are given in the synopsis which precedes the 
Descriptive Mineralogy. 

The position of water in the composition of minerals . — Many minerals 
lose water, especially upon the application of heat. With some of these it 
is given off upon mere exposure to dry air at ord inary temperature, and 
such crystals are said to effloresce ; others lose water when they are placed 
in a desic-cator over sulphuric acid, or when they are subjected to a slightly 



CHEMICAL CONSTITUTION OF MINERALS. 


195 


elevated temperature ; with others, again, a greater heat is required; and 
with a few silicates water is yielded only upon long continued heating at a 
very high temperature. It is evidently possible that either, (1) the mineral 
contains water as such, or (2) the water is formed by the process of decom- 
position caused by the application of heat. In the cases first mentioned, 
where water is readily given off, it is believed that the water actually exists 
as such in the compound. It is found that many salts take up water when 
they crystallize, and in some cases the amount of water depends upon the 
temperature at which the salt is formed ; this water is called water of 
crystallization. For example: manganous sulphate has three definite 
amounts of this water of crystallization, according to the temperature at 
which it has been formed. When crystallized below 7°, its composition is 
MnS0 4 -h7II 2 0 ; between 7° and 20°, MnS0 4 + 511*0 ; and between 20° 
and 30 °, MnS0 4 + 4II 2 0. 

In those cases where a very high temperature is required to make a loss 
of water, it is quite certain the water has no place as such in the original 
constitution, but, on the contrary, that the mineral contains basic hydrogen, 
replacing the other basic elements. In some cases, where part of the water 
is yielded at a low and the rest at a very high temperature, this shows that 
a difference exists in regard to the part which the water plays in the two 
cases ; for example, crystallized sodium phosphate yields readily 24 equiva- 
lents of water, while the remaining 1 molecule is given off only at a tem- 

1 >e rat ure between 300 ° and 400 ° ; from this it is concluded that in the 
atter case the elements forming the water exist actually in the salt, and 
that its composition is : 

II 2 N"a 4 P 2 0 8 -f 24aq. 

The part played by the water in the silicates is in most cases still unde- 
cided, though in many species the hydrogen is undoubtedly basic. The 
latter is doubtless true of many of the so-called hydrous silicates. The views 
commonly held in regard to them will be gathered from the descriptive part 
of this work. 

Chemical formulas for minerals . — A chemical formula expresses the 
relative amounts of the different elements present in the compound, in 
terms of their atomic weights— or, in other words, more strictly the number 
of atoms of each element in a given molecule with or without the expression 
of their probable grouping. 

Empirical formulas simply state in the briefest form the result of the 
analysis, giving the number of atoms of each element present without any 
theoretica' considerations. For example, the empirical formula of epidote 
is SigA^OfijflgOjjg. 

The object of the rational formulas is to express not only the number of 
atoms of each element present, but also their probable method of grouping, 
and relation to each other, in the molecule. These are called typical for- 
mula* when the attempt is made to arrange the atoms in accordance with the 
type of water, or some other type. 

In the rational formulas of the old chemistry the oxygen (or sulphur) 
was apportioned to the several elements, according to their combining 
power, and the basic and acid oxides, or sulphides, thus obtained were writ- 
ten cousecutively. For example, the formula of wollastonite (calcium eili- 
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cate), according to the old dnalistic method, was written CaO, SiO a , and 
of anhydrite (calcium sulphate), CaO, S0 3 . The principles of the new 
chemistry have set aside these rational formulas ; but as others consistent 
with the new principles now adopted have not in all cases been accepted, 
it is customary to give the formulas of minerals empirically. For those 
above the empirical formulas are CaSi0 8 and CaS0 4 . 

Relation between the old and new system*. — The points of difference 
between the old and new chemistry have already been hinted at. The 

S rincipal changes which have been introduced by the latter are : (1) The 
oublmg of all the atomic weights, except those of the monad elements, 
and also of bismuth, arsenic, antimony, nitrogen, phosphorus, and boron, 
whose oxides are now written Bi 2 0 8 , instead of Bi0 8 , etc. Corresponding 
to this change, binary compounds involving the monad elements are writ- 
ten : H a O instead of llO, NagO for NaO, NajjS, etc., also CaCl 2 instead CaCl, 
SiF 4 instead of SiF 2 , and so on. (2) The method of viewing the composi- 
tion of ternary compounds — these being now regarded not as compounds 
of an oxide and a so-called acid, but as compounds for the most part of 
the several elements concerned, and hence a metal in a compound is 
believed to be replaced by another inetal, not one oxide by another. Hence 
wo say calcium carbonate, or carbonate of calcium instead of carbonate of 
lime, and write the formula CaC0 8 , not CaO, C0 2 ; and so in the other 
cases. 

Replacing power of the different elements . — It has been mentioned 
that the replacing power of the elements is in proportion to their combining 
power, that is, to their quantivalence. For example, one atom of Mg or 
of Ba may replace one atom of Ca, all being dyads ; but two atoms of Na 
(monad) are required to replace one of Ca ; similarly three dyad atoms are 
equivalent, or may replace, one hexad atom, thus, 3Ca = [A1J. 

The relation of the different oxides may be understood from the follow- 
ing scheme, in which the above principle is made use of. The line A 
below contains the different kinds of oxides. B the same divided each by 
its number of atoms of oxygen (that is, severally, for the successive terms, 
by 1, 3, 2, 5, 3, 7, 4), by which division they are reduced to the protoxide 
form. C the basic elements alone : 


A 

RO 

R*0* 

RO* 

R*0* 

RO* 

R*0 7 

RO* 

B 

RO 

R*0 

R*0 

R*0 

R*0 

R»0 

RiO 

0 

R 

R» 

R* 

R* 

R* 

R* 

Ri 


According to the above law the R, R*, R 1 , etc., in the last line, are mutu- 
ally replaceable, 1 for 1, though varying in atomic weight from 1 to J. 
They represent different states in which elements may exist, and have, to a 
certain extent, independent element-like relations. In some cases, as in 
iron, four of these states are represented in a single element, the compounds 
(l) FeO, FeS, (2) Fe*0 8 , (3) FeS 8 , (4) FeO 8 , containing this metal m foui 
states Fe, Fe«, Fe*, Fe*. 

The use of the fractions can be avoided by multiplying, instead of divid- 
ing, thus, Fe 1 of Fe^O 8 replaces Fe of FeO, we might have said, 2Fe of 
FtrO* replaces 3Fe of FeO (Fe ? 0*, Fe 8 0*), and so for the others. 

These different states of the elements are best designated in the symbols 
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by the Greek letter a, y9, etc., thus avoiding all confusion. The above 
lines A, B, C then become 


A 

oRO 

3£RO 

2yRO 

5SRO 

3eRO 

7?RO 

4ijRO 

B 

aRO 

£RO 

yRO 

SRO 

«RO 

mo 

V RO 

0 

aR 

£R 

yR 

SR 

cR 

fR 

yll 


By means of this system all the different oxides may be reduced to the 
common protoxide form, and thus the true relations of the silicates may he 
clearly expressed. This is exhibited in the formulas for the silicates given 
in Dana’s System of Mineralogy (1808). 

Calculation of a formula from an analysis. — The result of an analysis 
gives the proportions, in a hundred parts of the mineral, of either the ele- 
ments themselves, or of their oxides or other compounds obtained in the 
chemical analysis. In order to obtain the atomic proportions of the ele- 
ments : Divide the percentages of the elements by the respective atomic 
weights; or, for those of the oxides: Divide the percentage amounts of 
each by their molecular weights ; then, Jind the simplest ratio in whole 
numbers for the numbers thus obtained. 

Examples . — Am analysis of bournonite from Meiseberg gave Rammels- 
berg: Lead (Pb) 42*88, copper (Cu) 13*00, antimony (Sb) 24*34, and sul- 
phur (S) 19*76 == 100*04. Dividing each amount by its atomic weight we 
obtain : 


42*8 ^ 
207 



lfrO 6 
63*4" 


*206; 


iff-™ 


The atomic ratio is hence: — Pb : Cu : Sb : S = *207 : *200 : *217 : *6175; 
that is, 1*005 : 1 : 1*053 : 2*998, or in whole numbers, 1 : 1 : 1 : 3. The 
empirical formula is consequently CuPbSbS 8 . 

An analysis of epidote from Untersulzbach gave Ludwig: 

SiO a A10 s PeO a FeO GaO II a O 

37*83 22*63 15 02 0*93 23*27 2*05 = 101*73. 


From the results of the analysis given in this form, the percentage 
amount of each element may be calculated in the usual way ; we obtain : 
Si 17*65, A1 12*06, Fe 10*51, FeO 0*72, Ca 16*62, II 0.23, O 43*64. The 
number of atoms of each element may be calculated from the last given 

percentages by dividing each by the atomic weight, that is = *630 
12*06 

for Si, — - - = 0*22 for A1 (= Al 2 ), etc. Or, the percentage amounts of each 
oo 

oxide may be divided by its molecular weight, and the result will be the same ; 

for SiO a , the molecular weight is 60 (28 -f 2 x 16), hence, = *630 as 

22*63 00 

before ; also for Al, 103 (= 2 x 27*5 + 3 x 16), and “j^*** = 0*22, etc. The 
atomic proportions thus obtained are : 
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0-220 0-094 
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H 

0-280 


Si 

0-630 


•314 

6 2*99 

6 3 


Fe Ca 
0-013 0*415 

' y ' 

0*428 
4*07 2*2 

4 2 


O 

2-727, or simply 

25*79, or again, 
26. 


The empirical formula is consequently Si ( ^l 8 Ca 4 H 2 0 26 . As in the above 
case, it is necessary, when very small quantities only of certain elements 
are present, to neglect them in the final formula, reckoning them in with 
the elements which they replace, that is, with those of the same quantiva- 
lence. The degree of correspondence between the analysis and the formula 
deduced, if the latter is correctly assumed, depends entirely upon the accuracy 
of the former. 

Quantivalent Ratio. — In the chemical constitution of most minerals 
there exists a strong distinction between the basic and acidic elements, and 
this relation, in the case of substances of complex character, is often fixed 
when otherwise the composition is exceedingly varied. In the dualistic 
formulas of the old chemistry this relation was expressed in the “ oxygen- 
mtio” which gave the ratio between the number of oxygen atoms belong- 
ing respectively to the bases, protoxide and sesquioxide, and to the acid. 
The expression , “oxygen-ratio,” is not in harmony with the present method 
of viewing chemical compounds, and the term has consequently been, to 
some extent, abandoned ; the same relation, however, between the different 
classes of elements still exists, but the ratio must be regarded as that exist- 
ing between the total quanti valences of each group of elements, and hence 
may be called the Quantivalent Ratio.* 

The old formula for all the members of the garnet family is 3R, ft, 3Si 
= 3RO, K0 8 , 3SiO a , and the oxygen ratio for R : ft : Si = 1 : 1 : 2, or for 
bases to silica, 1 : 1. Here R may be either Ca, Mg, Fe, Sin, or Or, and it 
either Al, Fe, Or. This formula, however, written according to the new 
system (the quantivalence being expressed by Roman numerals over the 
symbols), is: 

II VI IV II II VI IV 

RgftSigOjj ; or lt 3 R10 12 ]Si 3 , 


to indicate that the oxygen is regarded as all linking oxygen. The ratio 
of the total quanti valences for each class of elements, dvads and liexads 
(basic), and the tetrad silicon (acidic), is: — 3 xll : VI : 3 xIV, or, Q. ratio 
tor R : ft : Sif = 6:6:12, that is, 1 : 1 : 2. 

The same ratio for (R + ft) : Si = 1 : 1, both of which are identical with 
the previously given oxygen ratio. 


• This relation was brought out by Prof. Dana in 1867 (Am. J. Sci., xliv.. 89, 252, 398), 
and it forms the basis of all the formulas, according to the new system, in Dana’s System of 
Vineralogy, 1868. Prof. Cooke has discussed the same subject (Am. J. Sci., II., xlvii.. 386, 
I860), he calls the ratio, the Atomic Ratio ; the latter term, however, is generally used in a 
different sense, hence the expression Quantivalent Ratio employed here. 

f Throughout this work the letter R, unless otherwise indicated, represents a bivalent 
metal, and it either Ee. rVl, fj? r, Mn, where the quantivalence of the double atom is *ix. In 
a few oases, to indicate further relations, the sign of the quantivalence is sometimes emploved 
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Thus the ooygen ratio of the old system becomes the quantivalent ratio 
of the new, “ a term, too, which has a wider meaning and bearing than that 
which it replaces.” This principle of the ratio between the total qnanti- 
valences is an important one, and fundamental in the character of chemical 
compounds. This is well shown in the example here given, where, for a 
family of minerals of so varied composition as the garnets, it remains con- 
stant in all varieties. Its importance is even more marked in the many 
silicates where B; replaces 3R (as in spodumene in the pyroxene family). 

The quantivalent ratio is obtained by multiplying the quantivalence of 
each class of elements present by their number of atoms; or by dividing 
the percentage amount of each element by the atomic weight and multiply 
by its quantivalence. When the basic or acid oxides are given, divide 
the percentage amount of each by the molecular weight, and multiply as 
before by the number expressing the quantivalence, and the result is the 
total quantivalence for the given element. 

Dimorphism. Isomorphism. 

A chemical compound, which crystallizes in two forms genetically dis- 
tinct, is said to be dimorphous • if in three, trimorphous, or in general 
pleomoiphous. The phenomenon is called dimorphism, or plkomorpiiism. 

On the other hand, chemical compounds, which are of dissimilar though 
analogous composition, are said to be isomorphous when their crystalline 
forms are identical, or at least very closely related (sometimes called homueo- 
inorphous). Tliis phenomenon is called isomorphism. 

An example of pleomorphism is given by the compound calcium carbon- 
ate (Ca0O 3 ), which is i rim orphans : appearing as ealcite, as aragonite, and 
as baryto-ealcite. As calcite , it crystallizes in the rhoinbohedml system, 
and, unlike as its many crystalline forms are, they may be all referred to 
the same fundamental rhombohedron, and, what is more, they have all the 
same cleavage and the same specific gravity (2*7), and, of course, the same 
optical characters. As aragonite^ calcium carbonate appears in orthorhom- 
bic crystals, whose optical characters are entirely different from those of 
calcite, as will be understood from the explanations made in the preceding 
chapter. Moreover, the specific gravity of aragonite (2*9) is higher than 
that of calcite (2*7). Again, as baryto-calcite , calcium carbonate crystal- 
lizes in a monoclinic form. 

The explanation of the phenomenon of pleomorphism in this case -and 
an analogous explanation must answer for all such cases — is to he found, 
not as was once proposed in a slight variation of chemical composition, hut 
in the different conditions in which the same compound lias been formed. 
Thus Rose has shown that the calcium carbonate precipitated from a solu- 
tion by the alkaline carbonates in the cold has the form of calcite, whereas, 
if the precipitation takes place at a temperature of 100° 0., it takes the 
form or aragonite. Moreover, he found that aragonite on heating fell to 
powder, and though no loss of weight took place, the specific gravity (2*9) 
became that of calcite (2 # 7). 

Many other examples of pleomorphism may be given : Silica (SiO.,) is 
trimorphous; appearing as quartz , rhombohedral, G = 2*66; as tridymit 
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hexagonal, G = 2*3 ; and as asmanite , orthorhombic, G = 2*24. Titanic 
oxide (TiOj) is also trimorphous, the species being called rutile , tetragonal 
( c = *6442), G = 4*25 ; octahedrite (c = 1*778), G = 3*9 ; and brookite , 
orthorhombic or monoclinic, G = 4*15. Carbon appears in two forms, in 
diamond and graphite. Other familiar examples are pyrite and marcasite 
(FeS 2 ); acanthite and argentite (Ag 2 S) ; sphalerite and wiirtzite (ZnS); 
sulphur natural, orthorhombic, if artificial and crystallizing from a molten 
condition, monoclinic. The relation in form of the species mentioned, 
and also of those of other dimorphous groups, will be found in Part III., 
Descriptive Mineralogy. 

Isomorphism is well illustrated by the group of rhombohedral carbonates, 
with the general formula RC0 5 . Here K may be Ca, Mg, Fe, Mn, or Zn ; 
or further, in the same species, the It may be represented by both Ca and 
Mg in varying proportions, as remarked on the following page, or both Ca 

nd Fe, etc. The group is as follows : 

Caloite. Dolomite. Magnesite. Rhodochrosite. Siderite. Smithnonite. 

CaC() 8 JjjfJsOOb M g°°* MnCOg FeCO s ZnC0 8 

105° 5' 106° 15' 107° 29' 106° 51' 107° 0' 107° 40'. 

Ankerite (parankerite), breunerite, mesitite, and pistomesite belong to 
the same group. All the above species have an analogous composition, and 
all crystallize in the rhombohedral system, the angle of the fundamental 
form varying somewhat in the different cases. 

Mitscherlieh, who, by a series of ex|>erimental researches, established the 
principle of isomorphism, expressed it as follows : Substances, which are 
analogous chemical compounds , have the same ci'ystalline form , or are 
I80M0RPI10U8. 

Some of the more important isomorphous groups are mentioned below, 
for the description of the different species reference must be made to 
Part UL 

Isometric system. — (1) The spinel group, having the general formula 
RR0 4 , including spinel MgA10 4 , magnetite FeFe0 4 , chromite FeGr() 4 . also 
franklinite, gahnite, etc. (2) The alum group, for example, potash-alum 
K 2 AlS 4 0, b -b24aq, etc. (3) The garnet group, having the general formula 
RgRSigO^. 

Tetragonal system . — Rutile group, RO a ; including rutile Ti0 2 , and cas- 
siterite SnO a . The scheelite group; including scheelite CaWG 4 , stolzite 
PbWG 4 , wulfenite PbMG 4 . 

Hexagonal system . — Apatite group ; apatite 3CasP 2 O g -f Ca(Cl, F^, pyro- 
morphite 3Pb3P a Og4-PbCl2, mimetite 3rb3Asa0 8 +PbCl 2 , and vanadinite 
SPl^VaOg-bPbCla. Corundum group, fK) a ; corundum A10 3 , hematite 
FeO s , menaccanite. 

Ithombohedral system. — Calcite group, RCO s , already mentioned. 

Orthorhombic system. — Aragonite group, RCO g ; aragonite CaCO s , 
witlierite BaCO a , strontianite Si<X) 8 , cerussite PbCO* Barite group, RS0 4 ; 
barite BaSG 4 , celestite SrS0 4 , anhydrite CaSO*, auglesite PbS0 4 . Chryso- 
lite group, general formula, R^SiO^ 
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Monodinic system. — Copperas group : melanterite FeS0 4 -f 7aq ; bieberite 
0oSO 4 -f-7aq, etc. Pyroxene group, RSi0 8 , etc. 

Monodime and Trvdinic . Pe Id spar group. 

The above enumeration includes only the more prominent amtng the 
isomorphous groups. In many other cases a close relationship exists among 
species, both m form and composition, as brought out in Dana’s System of 
Mineralogy (1S54), and as also to some extent exhibited in the grouping of 
the species in the descriptive part of this work. 

(1) It will be observed in the above that a replacement of an element in a 
compound by one or more other elements, chemically equivalent, may take 
place without any essential change of the crystalline form. Besides this a 
part of one element may be similarly replaced. This is illustrated in the 
case of the rhonibohedral carbonates : calcite has the composition CaC0 8 , 
and magnesite MgC() 3 ; but in dolomite the place of the basic element is 
taken by Ca and Mg in equal proportions, so that the formula may be 
written (£Ca+£Mg)C0 8 , or more properly CaMg(J a () 6 . But besides this 
compound there are others where the ratio of Ca to Mg is 3 : 2, also 2 : 1, 
and 3 : 1, etc. Further than this the Caor Mg may be in part replaced by 
Mn, Fe, or Zn. 

The mineral ankerite is one in which Ca, Mg, Fe (Mn), all enter, and in 
different proportions. Boricky has shown that the composition of the 
ankerite group of compounds is expressed by the formula : — CaC()„ 4* Fe(X) a 
+2j(0aMgC 8 O 6 ), where x may be i, 1, $, 2, 3, 4, 5, 10. This and all 

similar cases are examples of isomotphous replacement. 

It is not essential that the replacing elements in an isomorphous series 
should have the same quantivalence, although this is generally true. For 
example, spodumene is isomorphous with the pyroxene group, though in it 
the bivalent element is replaced bv a sexivalent (311 = iij. So, too, menac- 

ir jv 

canite was included in the corundum group, since here RU()„ is isomor- 
phous with ft0 3 . This relation of the elements, which are not equivalent, 
is brought out by the method of viewing the oxides presented on p. 174. 

(2) . Minerals which crystallize in different systems may yet he isomor- 
phous, when the difference between their geometrical form is slight ; this 
is conspicuously true of the members of the feldspar family. 

(3) . Minerals may he closely related in form, although there is no ana- 
logy whatever between their chemical composition ; many such cases have 
been noted, e.g ., axinite and glauberite, azurite and epidote. 

Two substances may be both houKeomorphous and correspondingly 
dimorphous ; and they are then described as inodhru>rphoux. Titanic oxide 
(TiO a ), and stannic oxide (SnO a ), are both dimorphous, and they are also 
hoiTHeomorphous severally in each of the two forms. This is an example 
of isoditaorphism. 

There are also cases of inotriinorphism. Thus there are the following 
related groups ; the angle of the rhonibohedral forms here given is It : li ; 
of the orthorhombic and monoclinic 1 : /(for baryto-calcite 2-$ on 2-fc): 

Rhombohedral. Orthorhombic. Monodinic. 

RCOj Calcite, 105° 5'. Aragonite. 116° 10'. Barytocalcite, 95° 8'. 

RSO, Dreelite, 93°-94°. Anglesite, 103° 88'. Glauberite, 83°-83° W. 

BSOi+nBCO, Susannite, 94°. Leadhillite, 108° 16'. Lanarkite, 84°. 
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Cal cite, aragonite, and barytocalcite form an nndonbted case of trimor 
phism, as has already been shown. Dreelite, anglesite, and glauberite 
constitute another like series, and moreover it is closely parallel in angle 
with the former. In the third line we have the sulphato-caibonate snsan- 
nite near dreelite in angle, leadhillite (identical with susannite in composi- 
tion) near anglesite, and lanarkite, another sulphato-carbonate, near glau- 
berite, forming thus a third parallel line. The sulphuric acid in these sul- 
phato-carbonates dominates over the carbonic acid, and gives the form of 
the sulphates enumerated in the second line of the table. 

Chemical Examination of Minerals. 

The chemical characters of minerals are ascertained (a) by the action of 
acids and other reagents; ( b ) by .means of the blowpipe assisted by a few 
chemical reagents ; (c) by chemical analysis. The last method is the only 
one by which the exact chemical composition of a mineral can be deter- 
mined. It belongs, however, wholly to chemistry, and it is unnecessary to 
touch upon it here except to call attention to the remarks already made 
(p. 160) upon the essential importance of the use of pure material for analysis. 

The various tests and reactions of the wet and dry methods are important, 
since they often make it possible to determine a mineral with very little 
labor, and this with the use of the minimum amount of material. 

a. Examination in the Wet Way. 

The most common chemical reagents are the three mineral acids, hydro- 
chloric, nitric, and sulphuric. In testing the powdered mineral with these 
acids, the important points to he noted are: (1) the degree of Bolubility, 
and (2) the phenomena attending entire or partial solution ; that is, whether 
a gas is evolved, producing effervescence, or a solution is obtained without 
effervescence, or an insoluble constituent is separated out. 

Solubility. — In testing the degree of solubility hydrochloric acid is most 
commonly used, though in the case of sulphides, and compounds of lead 
and silver, nitric acid is required. Less often sulphuric acid, and aqua 
regia (nitro-hydrochloric acid), are resorted to. 

Many minerals are completely soluble vntkout effervescence : among these 
are some of the oxides, hematite, limonite, gothite, etc., some sulphates, 
many phosphates and arseniates, etc. 

Solubility with effervescence takes place when the mineral loses a gaseous 
ingredient, or when one is generated by the mutual decomposition of acid 
and mineral. Most conspicuous here are the carbonates , all of which dissolve 
with effervescence, giving off carbonic acid (properly carbon dioxide, C0 2 ), 
though somo of them ouly when pulverized, or again, on the addition of 
heat. In applying this test dilute hydrochloric acid is employed. Sul- 

E huretted hydrogen (1I 2 S) is evolved by some sulphides, when dissolved in 
ydrochloric acid: this is true of sphalerite, stibnite, greenockite, etc. 
Chlorine is evolved by oxides of manganese and also chromic and vanadic 
acid salts, when dissolved in hydiocliloric acid. Nitric peroxide is given 
off by many metallic minerals, and also some of the lower oxides (cuprite, 
etc.), when treated with nitric acid. 
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The separation of an insoluble ingredient takes place: With many sili- 
cates, the silica separating sometimes as a line jjowder, and again as a jellv ; 
in the latter case the mineral is said to gelatinize (sodalite, analcite). In 
order to test this point the finely pulverized silicate is digested with strong 
hydrochloric acid, and the solution afterward slowly evaporated nearly to 
dryness. With a considerable number of silicates the gelatin ization takes 
place only after ignition ; while others, which ordinarily gelatinize, are 
rendered insoluble by ignition. 

With many sulphides a separation of sulphur takes place when they are 
treated with nitWc acid. Compounds of titanic and tungstic acids are 
decomposed by hydrochloric acid with the separation of the oxides named. 
The same is true of salts of molybdic and vanadic acids, only that here the 
oxides are soluble in an excess of the acid. 

Compounds containing silver, lead, and mercury give with hydrochloric 
acid insoluble residues of the chlorides. These compounds are, however, 
soluble in nitric acid. 

When compounds containing tin are treated with nitric acid, the stannic 
oxide separates as a white powder. A corresponding reaction takes place 
under similar circumstances with minerals containing arsenic and antimony. 

Insoluble minerals. — A large number of minerals are not sensibly 
attacked by any of the acids. Among these may be named the following 
oxides: corundum, spinel, chromite, diaspore, rutile, cassiterite, quartz; 
also cerargyrite ; many silicates, titanates, tantalates, and eolumbates ; also 
the sulphates (barite, celestite, anglesite) ; many phosphates (xenotime, 
lazulite, childrenite, ainblygonite), and the borate, boracito. 


b. Kcamination of Minerals by means of the Blowpipe . 


Blowpipe . — The simplest form of the blowpipe is a tapering tube of 
brass (f. 413, 1), with a minute aperture at the 
extremity. A chamber is advantageously 
added (f. 413, 2) at o y to receive the condensed 
moisture, and an ivory mouth-piece is often 
very convenient. In the better forms of the 
instrument (see f. 413, 3), the tip is made of 
solid platinum (f), which admits of being 
readily cleaned when necessary. Operations 
with the blowpipe often require an uninter- 
mitted heat for a considerable length of time, 
and always longer than a single breath of the 
operator. It is therefore requisite that breath- 
ing and blowing should go on together. This 
may be difficult at first, but the necessary skill 
or tact is soon acquired. 

Blowjnpefame. — The best and most con- 
venient source of heat for blowpipe purposes 
is ordinary illuminating gas. The burner is a 
simple tube, flattened at the top, and cut off a 
little obliquely ; it thus furnishes a flame of convenient shape. A similar 




204 


CHEMICAL MINERALOGY. 


{ ‘et may also be used in conjunction with the ordinary Bunsen burner, it 
>eing so made as to slip down within the outer tube, and cut off the supply 
of air, thus giving a luminous flame. The gas flame required need not be 
more than an inch and a half in height. In place of the gas, a lamp fed 
with olive oil will answer, or even a good candle. 

The jet of the blowpipe is brought close to the gas flame on the higher 
side of the obliquely terminated burner. The arm of the blowpipe is 
inclined a little downward, and the blast of air produces ah oblique conical 
flame of intense heat. This blowpipe flame consists of two cones : an inner 
of a blue color, and an outer cone which is yellow. The heat is most 
intense just beyond the extremity of the blue flame, and the mineral is held 
at this point when its fusibility is to be tested. 

The inner flame is called the reducing flame (R.F.) ; it is characterized 
by the excess of the carbon or hydrocarbons of the gas, which at the high 
temperature present tend to combine with the oxygen of the mineral 
brought into it, or in other words, to reduce it. The best reducing flame 
is produced when the blowpipe is held a little distance from the gas flame; 
it should retain the yellow color of the latter. 

The outer cone is called the oxidizing flame (O.F.) ; it is characterized 
by the excess of the oxygen of the air over the carbon of the gas to be com- 
bined with it, and has lienee an oxidizing effect upon the assay. This 
flame is best produced when the jet of the blowpipe is inserted a very little 
in the gas flame; it should be entirely non-luminous. 

Supports . — Of other apparatus required, the most essential articles are 
those which serve to support the mineral in the flame ; these supports are : 

(1) charcoal, (2) platinum forceps, (3) platinum wire, and (4) glass tubes. 

(1) Charcoal is especially useful as a support in the case of the examina- 
tion of metallic minerals, where a reduction is desired. It must not crack 
when heated, and should not yield any considerable amount of ash on com- 
bustion ; that made from soft wood (pine or willow') is the best. Pieces of 
convenient size for holding in the hand are employed ; they should have a 
smooth surface, and a small cavity should be in it made for the mineral. 

(2) A convenient kind of platinum forceps is represented in f. 414 ; it 
is made of steel with platinum points. These open by means of the pins 
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pp ; other forms open by the spring of the wire in the handle. Care must 
be taken not to heat any substance (tf.y., metallic) in the forceps, which wdien 
fused might injure the platinum. 

(3) Platinum wire is employed with the use of fluxes, as described in 
another place. 

(4) The glass tubes required are of two kinds : closed tubes, having only 
one open end, about four inches long; and open tubes, having both ends 
open, four to six inches in length. Both kinds can be easily made by the 
student from ordinary tubing (best of rather hard glass), having a bore of 
i to i of an inch. 
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In the way of additional apparatus, the following articles are useful ; they 
need no special description : Iiammer, small anvil, three-cornered file, mag- 
net, pliers, pocket-lens, and a small mortar, as also a few of the test-tubes, 
etc., used in the laboratory. 

Chemical reagents. — The commonest reagents employed are the jltixes, 
viz., soda (sodium carbonate) ;* salt of phosphorus (sodium-ammonium 
phosphate); and borax (sodium biborate). The method of using them is 
spoken of on p. 208. 

Nitrate of cobalt in solution is also employed. It is conveniently kept 
in a small bulb from which a drop or two may be obtained as it is needed. 
This is used principally as a test for aluminum or magnesium with infusible 
minerals, as remarked beyond. The fragment of the mineral held in the 
forceps is first ignited in the blowpipe name, a drop of the cobalt solution 
is placed on it, and then it is heated again ; the presence of either constitu- 
ent named is manifested by the color assumed by the ignited mineral. It 
is also used as a test for zinc. Potassium bisulphate and calcium fluoride 
(fluorite) in powder, metallic magnesium (foil or wire), and tin foil, are 
other reagents, the use of which is explained later. Test-papers are also 
needed, viz., blue litmus paper, and turmeric paper. 

The wet reagents required are: the ordinary acids, and most important 
of these hydrochloric acid, generally diluted one-half for use, and also 
barium chloride, silver nitrate, ammonium molybdate. 

The blowpipe investigation of minerals includes their examination, (1) in 
the platinum-pointed forceps, (2) in the closed tube, (3) in the open tube, 
(4) on charcoal, and (5) with the fluxes. 

(1) Ecamination in the forceps. — The most important use of the plati- 
num-pointed forceps is to hold the fragment of the mineral while its fusi- 
bility is tested. 

The following- practical points must be regarded : (1) Metallic minerals, which when fused 
may injure the platinum, should be examined on charcoal ; (2) the fragment taken should be 
thin, and as small as can conveniently be held; (3) when decrepitation takes place, the heat 
must be applied slowly, or, if this doeB not prevent it, the mineral may be powdered and a 
paste made with water, thick enough to be held in the forceps or on the platinum wire ; or 
the paste may, with the same end in view, be heated on charcoal ; (4) the fragment whose 
fusibility is to be tested must be held in the hottest part of the flame, just beyond the 
extremity of the blue cone. 

In connection with the trial of fusibility, the following phenomena may 
be observed : (a) a coloration of the flame ; ( b ) a swelling up (stilbite), or 
an exfoliation of the mineral (vermiculite) ; or (c) a glowing without fusion 
fcalcite) ; and (< d ) an intumescence, or a spirting out of the mass as it fuses 
(scapolite). The color of the mineral after ignition is to be noted ; and the 
nature of the fused mass is also to be observed, whether a clear or blebby 
glass is obtained, or a black slag, or whether magnetic or not, etc. 

The ignited fragment, if nearly or quite infusible, may be moistened 
with the cobalt solution and again ignited (see above) ; also, if not too 
fusible, it may, after treatment in the forceps, be placed upon a strip of 
moistened turmeric paper, in which case an alkaline reaction shows the 
presence of the alkaline earths. 

Evxibility. — All grades of fusibility exist among minerals* from those 
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which fuse in large fragments in the flame of the candle (stibnite, see 
below), to those which fuse only on the thinnest edges in the hottest blow- 
pipe flame (bronzite); and still again there are a considerable number 
which are entirely infusible ( e.g corundum). 

The following scale of fusibility, proposed by von Kobell, is made use 
of: 1, stibnite ; 2, natrolite ; 3, almandiire garnet ; 4, actinolite ; 5, ortho- 
eiase ; 6, bronzite. 

A little practice with these minerals will show the student what degree 
of fusibility is expressed by each number, and render him quite independent 
of the table; he will thus be able also to judge of his power to produce a 
hot flame by the blowpipe, which requires practice. 

Flame coloration . — When coloration is produced it is seen on the exterior 
portion of the flame, and is best observed when shielded from the direct light. 

The presence of soda, even in small quantities, produces a yellow flame, which (except in 
the spectroscope) more or less completely masks the coloration of the flame due to other sub- 
stances ; phosphates and borates give the green flame in general best when they have been 
pulverized and moistened with sulphuric acid ; moistening with hydrochloric acid mattes the 
coloration in many cases (barium, strontium) more distinct. 

The colors which may be produced, and the substances to whose presence 
they are due, are as follows: (1) yellow, sodium ; (2) violet, potassium ; 

(3) purple-red, lithium ; red, strontium; yellowish-red, calcium (lime); 

(4) yellowish-green, barium , molybdenum ; emerald-green, copper ; bluish- 
green, phosphorus (phosphates) ; yellowish-green, boron (borates) ; (5) blue, 
azure-blue, copper chloride ; light-blue, arsenic ; greenish -blue, antimony. 

(2) Heating in the closed tube . — The closed tube is employed to show 
the effect of heating the mineral out of contact with the air. A small frag- 
ment is taken, or sometimes the powdered mineral is inserted, though in 
this case with care not to soil the sides of the tube. The phenomena which 
may be observed are as follows : decrepitation, as shown by fluorite, calcite, 
etc. ; glowing, as exhibited by gadolinite ; phosphorescence, of which fluorite 
is an example ; change of color (limomte), and liere the color of the mineral 
should be noted both when hot, and again after cooling; fusion ; giving off 
oxygen, as mercuric oxide ; yielding water at a low or high temperature, 
which is true of all hydrous minerals ; yielding acid or alkaline vapors, 
which should be tested by inserting a strip of moistened litmus or turmeric 
paper in the tube ; yielding a sublimate, which condenses in the cold part 
of the tube. 

Of the sublimates which form in the tube, the following are those with 
which it is most important to be familiar: Sublimate yellow, sulphur; 
dark brown- red when hot, and red or reddish-yellow when cold, arsenic 
sulphide; brilliant black, arsenic (also giving off a garlic odor); black 
when hot, brown-red when cold, formed near the mineral by strong heati.ig, 
antimony oxysulphide ; dark-red, selenium (also giving the odor of decay- 
ing horseradish) ; sublimate consisting of small drops with metahie lustre, 
teUuvium ; sublimate gray, made up of minute metallic globules, mercury ; 
sublimate black, lustreless, red when rubbed, mercury sulphide. 

(3) Heating in the open tube. — The small fragment is placed in the tube 
about an inch from the lower end, the tube being inclined sufficiently to 
prevent the mineral from slipping out The current of ah, passing through 
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the tube during the heating process, has an oxidizing effect The special 
phenomena to be observed are the formation of a sublimate and the odor 
of the escaping gases. The acid or alkaline character of tlie vapors are 
tested in the same way as with the closed tube. Fluorides, when heated in 
the open tube with previously fused salt of phosphorus, yield hydrofluoric 
acid, which gives an acid reaction with test-paper, has a peculiar pungent 
odor, and corrodes the glass. 

The sublimates which may be formed, as far as they differ from those 
already mentioned, as obtained in the closed tube, are as follows : Subli- 
mate, white and crystalline, volatile, arsenous oxide ; white, near the min- 
eral crystalline, fusible to minute drops, yellowish when hot, nearly color 
less when cold, molybdic oxide; sublimate white, yielding dense white 
fumes, at first mostly volatile, forming on the upper side of the tube, and 
afterward generally non-volatile on the under side of the tube, antimonous 
and antimonic oxides ; sublimate dark brown when hot, lemon-yellow 
when cold, fusible, bismuth oxide ; sublimate gray, fusible to colorless 
drops, tellurous oxide; sublimate steel-gray, the upper edge appearing red, 
selenium : sublimate bright metallic, mercury . 

The odors which may be perceived are the same as those mentioned in 
the following article. 

(4) Heating alone on charcoal.— The substance to be examined is placed 
in a shallow cavity ; it may simply be a small fragment, or, where the 
mineral decrepitates, it may be powdez*ed, mixed with water, and thus the 
material employed as a paste. The points to be noticed are: 

(a) The odor given off after short heating. In this way the presence of 
Biilpliur, arsenic (garlic odor), and selenium (odor of decayed horseradish), 
may be recognized. 

(i b ) Fusion . — In the case of the salts of the alkalies the fused mass is 
absorbed into the charcoal ; this is also true, after long heating, of the car- 
bonates and sulphates of barium and strontium. 

(V) The infusible residue. — This may (1) glow brightly in the O.F., indi- 
cating the presence of calcium, strontium, magnesium, zirconium, zinc, or 
tin. (2) It may give an alkaline reaction after ignition : alkaline earths, 
(b) It may be magnetic, showing the presence of iron. 

id) The sublimate. — By this means the presence of many of the metals 
mav be determined. The color of the sublimate, both near the assay (N), 
and at a distance (D) ; as also when hot and when cold is to be noted. 

The most important of the sublimates, with the metals to which they are 
due, are contained in the following list: Sublimate, steel-gray (N), and 
dark ^ay (D), in B.F. volatile with a blue flame, selenium (also giving a 
j L culiar odor) ; white (N) and red or deep yellow (D), in R.F. volatile with 
green flame, tellurium ; white (N^ and grayish (D), arsenic (giving also a 
peculiar alliaceous odor) : white (N) and bluish (!}), antimony (also giving 
dense white fumes). Reddish-brown, silver ; dark orange-yellow when 
hot, and lemon- yellow when cold (N), also bluish-white (D), bismuth ; dark 
lemon-yellow when hot, sulphur-yellow when cold, lead ; red-brown (N) 
and orange-yellow (D), cadmium ; yellow when hot, white on cooling, zinc 
(the sublimate becomes green if moistened with cobalt solution and again 
ignited); faint yellow when hot, white oh cooling, tin (the sublimate 
becomes bluish-green when ignited after being moistened with the cobalt 
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solution, in the R.F. it is reduced to metallic tin) ; yellow, sometimes cry* 
talline when hot, white when cold (N), bluish (D), molybdenum (in O.F 
the sublimate volatilizes, leaving a permanent stain of the oxide, in R.F. 
gives an azure blue color when touched for a moment with the flame). 

(5) Treatment with the fluxes. — The three fluxes have been mentioned 
on p. 205. They are used either on charcoal or with the platinum wire. 
If the latter is employed it must have a small loop at the end ; this is heated 
to redness and dipped into the powdered flux, and the adhering particles 
fused to a bead ; this operation is repeated until the loop is filled. Some- 
times in the use of soda the wire may at first be moistened a little to cause 
it to adhere. When the bead is ready it is, while hot, brought in contact 
with the powdered mineral, some of which will adhere to it, and then the 
heating process may be continued. Very little of the mineral is in general 
required, and the experiment should be commenced with a minute quantity 
and more added if necessary. The bead must be heated successively in 
the reducing and oxidizing liames, and in each case the color noted when 
hot and when cold. The phenomena connected wdth fusion, if it takes 
place, must also be observed. 

Minerals containing Bulphur or arsenic, or both, must be first roasted, that is, heated on 
charcoal, first in the oxidizing and then in the reducing flame, tiU these substances have been 
volatilized. If too much of the mineral has been added and the bead is hence too opaque to 
show the color, it may, while hot, be flattened out with the hammer, or drawn out into a 
wire, or part of it may be removed and the remainder diluted with more of the flux. 

Borax. — The following list enumerates the different colored beads 
obtained with borax, and also the metals to the presence of whose oxides 
the colors are due : 

Colorless ; silica, aluminum, the alkaline earths, etc. (both O.F. and 
R.F.) ; also silver, zinc, cadmium, lead, bismuth, and nickel, O.F., and also 
R.F., after long heating, but when first heated, gray or turbid ; R.F., man- 
ganese. 

Yellow; in O.F., titanium, tungsten, and molybdenum, also zinc and 
cadmium, when strongly saturated and hot ; vanadium (greenish when 
hot) ; iron, uranium, and chromium, when feebly saturated. 

lied to brown ; in O.F., iron, hot (on cooling, yellow) ; O.F., chromium, 
hot (yellowish-green when cold) ; O.F., uranium, hot (yellow when cold) ; 
nickel, manganese, cold (violet when hot). 

Red ; R.F., copper, if highly saturated, cold (colorless when hot). 

Violet ; O.F., nickel, hot (red-brown to brown on cooling) ; O.F., man- 
ganese. 

Blue; O.F. and R.F., cobalt, both hot and cold; O.F., copper, cold 
(when hot, green). 

Green; O.F., copper, hot (blue or greenish-blue on cooling), R.F., bottle- 
green ; O.F., chromium, cold (yellow to red when hot), R.F., emerald-green; 
O.F., vanadium, cold (yellow when hot), R.F., chrome-green, cold (brown- 
ish when hot) ; R.F., uranium, yellowisn-green (when highly saturated). 

Salt of Phosphorus. — This nux gives tor the meet part reactions similar 
to those obtained with borax. The only cases enumerated here are those 
which are distinct, and hence those where the flux is a good test. 

With silicates this flux forms a glass in which the bases of the silicate 
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are dissolved, but the silica itself is left insoluble. It appears as a skeleton 
readily seen floating about in the melted bead. 

The colors of the beads and the metals to whose oxides these are due, are : 

Blue ; R.F., tungsten, cold (brownish when hot) ; R.F., columbium, cold 
and when highly saturated (dirty-blue when hot). Both these give colorless 
beads in the O.F. 

Green ; R.F., uranium, cold (yellowish-green when hot) ; O.F., molyb- 
denum, pale on cooling, also R.F., dirty-green when hot, green when cold. 

Violet / R.F., columbium (see above) ; R.F., titanium cold (yellow when 
hot). * 

Soda is especially valuable as a flux in the case of the reduction of the 
metallic oxides ; this is usually performed on charcoal. The finely pulver- 
ized mineral is intimately mixed with soda, and a drop of water added to 
form a paste. This is placed in a cavity in the charcoal, and subjected to 
a strong reducing flame. More soda is added as that present sinks into the 
coal, and, after the process has been continued some time, the remainder 
of the flux, the assay, and the surrounding coal are cut out with a knife, 
and the whole ground up in a mortar, with the addition of a little M r ater. 
The charcoal is carefully washed away and the metallic globules, flattened 
out by the process, remain behind. Some metallic oxides are very readily 
rednced, as lead, while others, as copper and tin, require considerable Bkiil 
and care. 

The metals obtained may be: iron, nickel, or cobalt, recognized by their 
being attracted by the magnet; or copper, marked by its red color; bis- 
muth and antimony, which are brittle ; gold or silver; antimony, tellurium, 
bismuth, lead, zinc, cadmium, which volatilize more or less completely and 
may be recognized by their sublimates (see p. 207) ; arsenic and mercury 
are also reduced, but must be heated with soda in the closed tube in order 
to collect the sublimates. The metals obtained may be also tested with 
borax on the platinum wire. 

By means of soda on charcoal the presence of sulphur in the sulphates 
may be shown, though they do not yield it upon simple heating. When 
soda is fused on charcoal with a compound of sulphur (sulphide or sulphate), 
sodium sulphide is formed, and if much sulphur is present the mass will 
have the hepar (liver-brown) color. In any case the presence of the sulphur 
is shown by placing the fused mass on a clean surface of silver, and adding 
a drop of water ; a black or yellow stain of silver sulphide will be formed. 
Illuminating gas often contains sulphur, and hence, when it is used, the 
soda should be first tried alone on charcoal, and if a sulphur reaction is 
obtained (due to the gas), a candle or lamp must be employed in the place 
of the gas. 

It is also useful in the case of many minerals to test their fusibility or 
infusibility with soda, generally on the platinum wire. Silica forms if not 
in excess a clear glass with soda, so also titanic acid. Salts of barium and 
strontium are fusible with soda, but the mass is absorbed by the coal. 
Many silicates, though alone difficultly fusible, dissolve in a little soda to a 
clear glass, but with more soda they form an infusible mass. Manganese, 
when present even iu minute quantities, gives a bluish-green color to the 
soda bead. 
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Characteristic Reactions of the most Important Elements and of some of 

their Compounds. 

The following list contains the most characteristic reactions, both before 
the blowpipe (B.B.) and in some cases in the wet way, of the different ele- 
ments and their oxides. It is desirable for every student to be familiar 
with them. Many of them have already been briefly mentioned in the 
preceding pages. It is to be remembered that while the reaction of a 
single substance ihay be perfectly distinct if alone, the presence of other 
substances may more or less entirely obscure these reactions ; it is conse- 
quently obvious that in the actual examination of minerals precautions have 
to be taken, and special methods have to be devised, to overcome the diffi- 
culty arising from this cause. These will be gathered from the pyrognostic 
characters given (by Prof. Brush) in connection with the description of 
each species in the Third Part of this work. 

For many substances the most satisfactory and delicate tests are those 
which have been given by Bunsen in his important paper on Flame-reac- 
tions (Flammenreactionen, Ann. Cli. Pliarm., cxxxviii., 257, or Phil. Mag., 
IV., xxxii., 81). The methods, however, require for the most part much 
detailed explanation, and in this place it is only possible to make this gen- 
eral reference to the subject. 

Alumina. B.B. ; the presence of alumina in most infnsible minerals, 
containing a considerable amount, may be detected by the blue color which 
they assume when, after being heated, they are moistened with cobalt solu- 
tion and again ignited. Very hard minerals (e.g., corundum) must be first 
finely pulverized. 

Antimony . B.B. ; antimonial minerals on charcoal give dense white 
inodorous fumes. Antimony sulphide gives in a strong heat in the closed 
tube a sublimate, black when hot, brown-red when cold. See also p. 207. 

In nitric acid compounds containing antimony deposit white antiinonic 
oxide (Sb 2 0«). 

Arsenic. B.B. ; arsenical minerals give off fumes, usually easily recog- 
nized by their peculiar garlic odor. In the open tube they give a white, 
volatile, crystalline sublimate of arsenious oxide. In the closed tube arsenic 
sulphide gives a sublimate dark brown-red when hot, and red or reddish- 
yellow when cold. The presence of arsenic in minerals is often proved by 
testing them in the closed tube with sodium carbonate and potassium cyan- 
ide. Strong heating produces a sublimate of metallic arsenic, proper pre- 
cautions beingobserved. 

Baryta. B 7B . ; a yellowish-green coloration of the flame is given by all 
baryta salts, except the silicates. 

In solution the presence of barium is proved by the heavy white precipi- 
tate formed upon the addition of dilute sulphuric acid. 

Bismuth. B.B. ; on charcoal alone, or with soda, bismuth gives a very 
characteristic orange-yellow sublimate (p. 2071. Also when treated with 
equal parts of potassium iodide and sulphur, ana fused on charcoal, a beauti- 
ful red sublimate of bismuth iodide is obtained. 

Boracic acid. Borates . B.B. ; many compounds tinge the flame intense 
yellowish-green, especially if moistened with sulphuric acid. For silicates 
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the best method is to mix the powdered numeral with one part powdered 
tinorite and two parts potassium bisulphate. The mixture is moistened 
and placed on platinum wire. At the moment of fusion the green coloi 
appears, but lasts but a moment (ex. tourmaline). 

Heated in a dish with sulphuric acid, and alcohol being added and 
ignited, the flames of the latter will be distinctly tinged green. 

Cadmium. B.B. ; on charcoal cadmium gives a characteristic sublimate 
of the reddish-brown oxide (p. 207) 

Carbonates . Effervesce with dilute hydrochloric acid ; many roqnire to 
be pulverized, and some need the addition of heat. 

Chlorides . B.B. ; if a small portion of a chloride is added to the bead of 
.salt of phosphorus, saturated with copper oxide, the bead is instantly sur- 
rounded with an intense purplish flame. 

In solution they give witli silver nitrate a white curdy precipitate, which 
darkens in color on exposure to the light ; it is insoluble in nitric acid, but 
entirely so in ammonia. 

Chromium . B.B. ; chromium gives with borax and salt of phosphorus an 
emerald-green bead (p. 208). 

Cobalt. B.B. ; a beautiful blue bead is obtained with borax in both 
flames from minerals containing cobalt. Where sulphur or arsenic is present 
it should first be roasted off on charcoal. 

Copper. B.B. ; on charcoal the metallic copper can be reduced from 
most of its compounds. With borax it gives a green bead in the oxidizing 
flame, and in the reducing an opaque red bead (p. 208). 

Most metallic compounds are soluble in nitric acid. Ammonia produces 
a green precipitate in the solution, which is dissolved when an excess is 
added, the solution taking an intense blue color. 

Fluorine . B.B. ; heated in the closed tube fluorides give off fumes of 
hydrofluoric acid, which react acid with test-paper and etch the glass. 
Sometimes potassium bisulphate must be added (see also p. 207). 

Heated gently in a platinum crucible with sulphuric acid, most com- 
pounds give off hydrofluoric acid, which corrodes a glass plate placed 
over it. 

Iron . B.B. ; with borax iron gives a bead (O.F.) which is yellow while 
hot, but is colorless on cooling; R.F., becomes bottle-green (see p. 208). 
On charcoal with soda gives a magnetic powder. Minerals which contain 
even a small amount of iron yield a magnetic mass when heated in the 
reducing flame. 

Fad. B.B. ; with soda on charcoal a malleable globule of metallic lead 
is obtained from lead compounds ; the coating has a yellow color near the 
assay and farther off a white color (carbonate) ; on being touched with the 
reducing flame both of these disappear, tinging the flame azure blue. 

In solutions dilute sulphuric acid gives a white precipitate of lead sul- 
phate ; when delicacy is required an excess of the acid is added, the solution 
evaporated to dryness, and water added, the lead sulphate, if present, will 
then be left as a residue. 

Lime. B.B. ; it imparts a yellowish-red color to the flame. In the pres- 
ence of other alkaline earths the spectroscope gi ves a sure means of detecting 
even when in small quantities. Many lime salts give an alkaline reaction 
with test-paper after ignition. 
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In solutions containing lime salts, even when dilute, ammonium oxalate 
throws down a white precipitate of calcium oxalate. 

Lithia. B.B. ; lithia gives an intense red to the outer flame ; in very small 
quantities it is evident in the spectroscope. 

Magnesia . B B. ; moistened, after heating, with cobalt nitrate and again 
ignited, a pink color is obtained from infusible minerals. 

Manganese, B.B. ; with borax manganese gives a bead violet-red (O.F.), 
and colorless (R.F.). With soda (O.F.) it gives a bluish-green bead ; this 
reaction is very delicate and may be relied upon, even in presence of almost 
any other metal. 

Mercury . B.B. ; in the closed tube a sublimate of metallic mercury is 
yielded when the mineral is heated with soda. Mercuric sulphide gives a 
black lustreless sublimate in the tube, red when rubbed (p. 207). 

Molybdenum . B.B. ; on charcoal molybdenum gives a copper-red stain 
(O.F.) which becomes azure-blue when for a moment touched with the R.F. 

(p. 208). 

Nickel . B.B. ; with borax nickel oxide gives a bead which (O.F.) is violet 
when hot and red-brown on cooling ; (R.F.) the glass becomes gray and 
turbid from the separation of metallic nickel, and on long blowing colorless. 

Nitrates . Detonate when heated on charcoal. Heated in a tube with 
sulphuric acid give off red fumes of nitric peroxide. 

Phosphates . B.B. ; most phosphates impart a green color to the flame, 
especially after having been moistened with sulphuric acid, though this test 
may be rendered unsatisfactory by the presence of other coloring agents. 
If they are used in the closed tube with a fragment of metallic magnesium or 
sodium, and afterward moistened with water, phosphuretted hydrogen is 
given off, recognizable by its disagreeable odor. 

A few drops of a neutral or acid solution, containing phosphoric acid, 

f )roduces in a solution of ammonium molybdate with nitric acid a pulveru- 
ent yellow precipitate. 

Potash. B.B. ; potash imparts a violet color to the flame when alone. 
It is best detected in small quantities, or when soda or lithia is present, by 
the aid of the spectroscope. 

Selenium. B.B. ; oil charcoal selenium fuses easily, giving off brown 
fumes with a peculiar disagreeable organic odor (see aiso p. 207). 

Silica. B.B. ; a small fragment of a silicate in the salt of phosphorus 
bead leaves a skeleton of silica, the bases being dissolved. 

If a silicate in a fine powder is fused with sodium carbonate and the mass 
then dissolved in hydrochloric acid and evaporated to dryness, the silica is 
made insoluble, ana when strong hydrochloric acid is added and then water, 
the bases are dissolved and the silica left behind. 


Many silicates, especially those which are hydrous, are decomposed by 
strong hydrochloric acid, the silica separating as a powder or as a jelly 
(6ee p. 203). 

Suver . B.B. ; on charcoal in O.F. silver gives a brown coating (p. 207). 
A globule of metallic silver may generally be obtained by heating On char- 
coal in O.F., especially if soda is added. Under some circumstances it is 
desirable to have recourse to cupellation. 

From a solution containing any salt of silver, the insoluble chloride is 
thrown down when hydrochloric acid is added. This precipitate is insoluble 
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In acid or water, but entirely so in ammonia. It changes color on exposure 
to the light. 

Soda. B.B. ; gives a strong yellow flame. 

Sulphur , sulphides , sulphates . B.B. ; in the closed tube some sulphides 

f five off sulphur, others sulphurous oxide which reddens a strip of moistened 
itmus paper. In small quantities, or in sulphates, it is best detected by 
fusion on charcoal with soda. The fused mass, when sodium sulphide has 
thus been formed, is placed on a clean silver coin and moistened ; a distinct 
black stain on the silver is thus obtained (the precaution mentioned on 
p. 209 must be exercised). 

A solution in hydrochloric acid gives with barium chloride a white in 
soluble precipitate of barium sulphate. 

Tellurium . B.B. ; tellurides heated in the open tube give a white or 
grayish sublimate, fusible to colorless drops (p. 207). On charcoal they 
give a white coating and color the R.F. green. 

Tin . B.B ; minerals containing tin, when heated on charcoal with soda 
or potassium cyanide, yield metallic tin in minute globules (see also p. 209). 

Titanium . B.B. ; titanium gives a violet color to the salt of phosphorus 
bead. Fused with sodium carbonate and dissolved with hydrochloric acid, 
and heated with a piece of metallic tin or zinc, the liquid takes a violet 
color, especially after partial evaporation. 

Tungsten . B.B. ; tungsten oxide gives a blue color to the salt of phos- 
phorus bead (R.F.). Fused and treated as titanic acid (see above) with the 
addition of zinc instead of tin, gives a line blue color. 

Uranium . B.B. ; salt of phosphorus bead, in O.F., a greenish-yellow 
bead when cool. In K.F. a tine green on cooling (p. 209). 

Vanadium. B.B. ; the characteristic reactions of vanadium with the 
fluxes are given on p. 208. 

Zinc. B.B. ; on charcoal compounds of zinc give a coating which is yel- 
low while hot and white on cooling, and moistened by the cobalt solution 
and again heated becomes a line green (p. 207). 

Zirconia . A dilute hydrochloric acid solution, containing zirconia, im- 
parts an orange-yellow color to turmeric paper, moistened by the solution. 

Students who desire to become thoroughly acquainted with the use of the 
blowpipe should provide themselves w T ith a thorough and systematic book 
devoted to the subject. The most complete American book is that by Prof. 
Brush (Manual of Determinative Mineralogy, with an introduction on blow- 
pipe analysis, New York, 1875). Other standard works are those of Ber 
zelius (The use of the Blowpipe in Chemistry and Mineralogy, translated into 
English by Prof. J. D. Whitney, 1845), and Plattner (Manual of Qualita- 
tive and Quantitative Analysis with the Blowpipe, translated by Prof. II. 
B. Cornwall, 1872). The work of Prof. Brush has been freely used in the 
preparation of the preceding notes upon blowpipe methods and reactions. 


Determinative Mineralogy 

Determinative Mineralogy may be properly considered under the general 
head of Chemical Mineralogy, since the determination of minerals depends 
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mostly upon chemical tests. But crystallographic and all physical diameters 
have also to be used. 

There is but one satisfactory way in which the identity of an unknown 
mineral may in all cases be fixed beyond question, and that is by the use of 
a complete set of determinative tables. By means of such tables the mineral 
in hand is referred successively from a general group into a more special 
one, until at last all other species have been eliminated, and the identity 
of the one given is beyond doubt. 

A careful preliminary examination of the unknown mineral should, how- 
ever, always be made before final recourse is had to the tables. This 
examination will often suffice to show what the mineral in hand is, and in 
any case it should not be omitted, since it is only in this way that a practi- 
cal familiarity with the appearance and characters of minerals can be gained. 

The student will naturally take note first of those characters which are 
at once obvious to the senses, that is : the color , lustre , feel, general s true 
tare, fracture, cleavage , and also crystalline form , if distinct ; also, if the 
specimen is not too small, the apparent weight will suggest something as to 
the specific gravity . The above characters are of very unequal importance. 
Structure, if crystals are not present, and fracture are generally unessential 
except in .distinguishing varieties; color and lustre are essential with 
metallic, but generally very unimportant with unmetallic minerals. Streak 
is of importance only with colored minerals and those of metallic lustre 
(p. 162). Crystalline form and cleavage are of the highest importance, but 
usually require careful study. 

The first trial should be the determination of the hardness (for which end 
the pocket-knife is often sufficient in experienced hands). The second trial 
should be the determination of the specific gravity , Treatment of the 
powdered mineral with acids may come next ; by this means (see p. 202) 
the presence of carbonic acid is detected, and also other results obtained 
(p. 208). Then should follow blowpipe trials, to ascertain the fusibility, 
the color given to the flame, if any, the character of the sublimate given off 
and the reactions with t\w jinxes and other points as explained in the pre 
ceding pages. 

How much the observer learns in the above way, in regard to the nature 
of his mineral, depends upon his knowledge of the characters of minerals in 
general, and upon his familiarity with the chemical behavior of the vari- 
ous elementary substances (pp. 210 to 213) with reagents, and before the 
blowpipe. If the results of such a preliminary examination are sufficiently 
definite to suggest that the mineral in hand is one of a small number oJ 
species, reference may be made to their full description in Part III. of this 
work for the final decision. 

A number of minor tables, embracing under appropriate heads minerals 
which have some striking physical characters, are added in the Appendix. 
They will in many cases aid the observer in reaching a conclusion. In 
addition to these tables, an extended table is also given for the systematic 
determination of the more important minerals, those described in full in 
the following pages. 
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DESCRIPTIVE MINERALOGY. 


The following is the system of classification employed in the arrangement 
of the species in this work. It is identical with that adopted in Dana’s 
System of Mineralogy, 1868, to which treatise reference may be made for 
the discussion of the principles upon which it is based. In general only 
the more prominent species are enumerated under the successive heads. 
The native elements are grouped as follows : 

SERIES I. — The more basic, or electro-positive elements. 

1. Gold group. — Gold, silver (also hydrogen, potassium, 

sodium, etc.). 

2. Iron group. — Platinum, palladium, mercury, copper, iron, 

zinc, lead (also cobalt, nickel, chromium, manganese, 
calcium, magnesium, etc.). 

3. Tin group. — Tin (also titanium, zirconium, etc.). 

SERIES II. — Elements generally electro-negative. 

1. Arsenic group. — Arsenic, antimony, bismuth, phosphorus, 

vanadium, etc. 

2. Sulphur group. — Sulphur, tellurium, selenium, 

3. Carbon-silicon group. — Carbon, silicon. 

SERIES III. — Elements always negative. 

1. Chlorine, bromine, iodine. 

2. Fluorine. 

3. Oxygen. 


CLASSIFICATION OF MINERAL SPECIES. 


I. NATIVE ELEMENTS. 

Gold; silver. — Platinum; palladium; iridosmine, IrOs, etc. ; mercury; 
amalgam, AgHg, etc. ; copper ; iron. — Arsenic ; antimony ; bismuth.— 
Tellurium ; suljSiur. — Diamond ; graphite. 


* See further on p. 420, et seq. 
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II. SULPHIDES, TELLURIDES, SELENIDES, ARSEN- 
IDES, ANTIMONIDES, BISMUTHIDES. 

1. BINARY COMPOUNDS. — Sulphides and Tellurides o t Metals 
of the Sulphur and Arsenic Groups. 

(a) Realgar group. Composition RS. Monoclinic. Realgar. 

(b) Orpiment group. Composition Rg S 8 . Orthorhombic. Orpiment; 

* stibnite ; bismuthinite. 

(c) Tetradymite group . Tetradymite Bi 2 (Te,S) 8 . 

(a) Molybdenite group. Composition RS 2 . Molybdenite. 

2. BINARY COMPOUNDS. — Sulphides, Tellurides, etc., of Metals 
of the Gold, Iron, and Tin Groups. 

A. BASIC DIVISION. — Dyscrasite ; domeykite. 

B. PROTO DIVISION.— Composition RS (or RjjS), RSe, RTe. 

(a) Galenite group . Isometric ; holohedral. — Argentite ; galenite ; 

clansthalite ; bornite ; alabandite. 

(b) Blende group. Isometric ; tetrahedral. — Sphalerite. 

(e) Chalcocite group. Orthorhombic. — Chalcocite ; acantliite ; lies- 
site ; stromeyerite. 

( d) Pyrrhotite group. Hexagonal. — Cinnabar; millerite ; pyrrho- 

tite (Fe 7 S 8 ) ; greenockite ; liiccolite. 

C. DEUTO or PYRITE DIVISION.— Composition RS 2 , etc. 

(a) Pyrite group. Isometric. — Pyrite ; linnaeite; smaltite ; cobal- 

tite ; gersdorffite. — Chalcopyrite. 

(b) Marcasite group. Orthorhombic. — Mareasite; arsenopyrite ; 

sylvan ite. 

(c) Nagyagite. (d) Covellite. 

3. TERNARY COMPOUNDS. — Sulpharsenites, Sulphantimonites, 
Sulphobismutiiites. 

(a) Group I. Atomic ratio, R : As(Sb) : S = 1 : 2 : 4. Formula 
R(As,Sb) 2 S 4 = RS + (ASjSb^Sg. Miargyrite ; sartorite ; zink- 
enite. 

(5) Sub group. At. Ratio, R : As(Sb) : S = 3 : 4 : 9. Formula 
R 8 (As,Sb,Bi) 4 S 0 = 3RS + 2(As,Sb,Bi) 8 S 8 . Jordanite ; schir- 
merite, etc. 

(c) Group II. At. Ratio, R : (As, Sb) : S = 2 : 2 : 5. Formula 
R 2 (Sb,As) 2 S 5 = 2RS + (SbjAs^S*. Jamesonite ; dufrenoysite. 
(dl) Group III. At. Ratio, R : (As,Sb) : S = 3 : 2 : 6. Formula 
R 8 (As,Sb) 2 S 6 = 3RS 4- (As^bJtSf Pyrargyrite, prousfcite ; 
bournonite ; boulangerite. 



CLASSIFICATION 07 SPECIES. 


217 


(e) Gboup IV. At. Ratio, R : (As,Sb,Bi) : S = 4 : 2 : 7. Formula 
R 4 (A8,Sb,Bi)gS 7 = 4RS+(As,Sb,Bi),S». Tetrahedrite ; ten- 
nantite. 

( f ) Geoup V. At. Ratio, R : (As,Sb) : S = 5 : 2 : 8. Formula 
R^A8,Sb)aSg = 5RS + (As,Sb)nSg. Stephanite ; geoerouite 
Pilybasite. — Enargite. 


III. CHLORIDES, BROMIDES, IODIDES. 

1. ANHYDROUS CHLORIDES.— Composition mostly R(C1, Br, I) ; 
also Rj(Cl,Br,l) (calomel), and RC1 6 (molysite). 

Halite ; svlvite ; cerargyrite ; embolite ; bromvrite. 

2. HYDROUS CHLORIDES.— Carnallite. Tachhydrite. 

3. OXYCHLORIDES. — Atacamite ; matlockite. 


IV. FLUORIDES. 

1. ANHYDROUS FLUORIDES. Fluorite ; sellaite. — Cryolite. 

2. HYDROUS FLUORIDES. — Paclmolite; ralstonite. 


V. OXYGEN COMPOUNDS. 

L OXIDES. 

1. OXIDES of Metalb of the Gold, Iron, and Tin Groups. 

A. ANHYDROUS OXIDES. — (a) Protoxides. — Binary compounds of 

oxygen with a univalent or bivalent element. Formula RO or (R^O). 
Cuprite ; zincite ; tenorite. 

(0) Sesquioxides. — Binary compounds of oxygen with a sexivalent ele- 
ment. Formula R0 8 . Corundum; hematite. This group also includes 
menaccanite and perofskite. 

(< o ) Compounds of Protoxides and Sesquioxides. — Ternary compounds 
of oxygen with a bivalent and a sexivalent element. Formula RlfcO* = RO 

+ ro 8 . 

Spinel Group. Isometric. — Spinel ; gahnite ; magnetite ; franklinite ; 
chromi te. Orthorhombic. — Chry soberyl. 

(d) Deutoxides. — Binary compounds of oxygen with a quadrivalent ele- 
ment. Formula RO* 

Tetragonal. — Rutile Group . — Cassiterite ; rutile ; octal edrite ; haus* 
mannite ; braunnite. Orthorhombic. — Brookite ; pyrolugite. 

B. HYDROUS OXIDES. — Turgite. — Diaapore ; gothite ; manganite.— 
Liinonite. — Brncite ; gibbsitc. — Psilomelane. 
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2. OXIDES of Metals of the Arsenic and Sulphur Groups. 
Isometric. — Arsenolite ; senarmontite. Orthorhombic. — Claudetite ; 
valentinite ; bismite, etc. 

8. OXIDES of the Carbon-silicon Group. — Quartz; tridvmite; as- 
manite; opal. 


II. TERNARY OXYGEN COMPOUNDS. 


1. SILICATES. — A Anhydrous Silicates. 


(a) Bisilicates. — Salts of meta-silicic acid, IlgSiOg. Quantivalent ratio 
for basic elements and silicon, 1 : 2. General formula RSiO s . This may 
be written : R J 0 3 [ SiO, to indicate that part only of the oxygen is regarded 
as linking oxygen, or, taking into account the quanti valence of the various 
basic elements that may be present, Ra, aR, £11 | 0 2 1| SiO. 

(a) Amphibole group . Pyroxene section (/ A I — 86°-8S°). Orthorhom- 
bic. — Enstatite ; hyperstheiie. Monoclinic. — Wollaston ite ; pyroxene ; 
acmite ; segirite. Triclinic. — Rhodonite ; babingtonite. — Spodumene ; 
petalite. 

( b ) Amphibole section (/ A /=.* 123°-125°). Orthorhombic. — Anthophyl- 
lite, kupfferite. Monoclinic , amphibole ; arfvedsonite. 

Beryl. Eudiatyte. Pollucite. 


(13) Unisilicates. — Salts of the normal silicic acid, II 4 Si0 4 . Quantivalent 
ratio for basic elements and silicon, 1 : 1. General formula R 2 Si0 4 . This 
may be written : Ra J 0 4 || Si, to show that all the oxygen is regarded as 
linking oxygen, or, R^aR, ySR || 0 4 ] Si. The latter formula shows that, 
though elements of different quanti valence may be present, the same uni- 
silicate type still exists. The excess of silica sometimes present in both 
bisilicates and unisilicates, as well as other deviations from the ordinary 
types, are remarked upon in the pages which follow. 

(a) Chrysolite group. Orthorhombic, /a/=91°-95°; 0 A 1-i = 124°- 
129°. — Chrysolite, forsterite, tephroite, monticellite, etc. 

(b) Willemite group. Hexagonal, R A R = 116°-117°. — Willemite, diop- 
tase, phenacite. 

(c) Isometric. Helvite. Danalite, ItjSi0 4 -}-RS. 

(a) Garnet group. Isometric. — Q. ratio for R : R : Si = 1 : 1 : 2. Gen- 
eral formula RsftSiaO^. 

(e) Vesuvianite group. Tetragonal. — Zircon, vesuvianite. 

(/ ) Epidote group . Anisometric. — Epidote ; allanite ; zoisite ; gadoli- 
nite; ilvaitc. 

Triclinic. Axinite. Danburite. — (h) Iolite. 

Mica group. /A 1 = 120°. Cleavage basal perfect; optic axis oi 
acute bisectrix normal to the cleavage-plane. — Phlogopite ; biotite ; lepido 
melane ; muscovite ; lepidolite. 

(l) Scapolite group . Tetragonal. — Sareolite ; meionitc ; wernerite ; 
ekebergite. 

(m) Hexagonal. Nephelite. Isometric. — Sodalite ; hailynite ; nosite ; 
leucite. 
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Feldspar group. Monoclinic or triclinic. I A /near 120°; Q. ratio for 
R : ft = 1 : 3. Anorthite ; labradorite ; andesite ; hyalophane ; oligo- 
clase ; albite ; orthoclase (microcline). 

(7) Subsilicates. — (a) Q. ratio for bases to silicon, 4 : 3. Chondrodite 
Tourmaline. 

(b) Q. ratio for bases to silicon, 3 : 2. Gelilenite. — Andalusite; fibrolite; 
cyanite (AlSi0 6 ). — Topaz ; euclase ; datolite. — Guarinite ; titanite ; keil- 
hauite ; tsoheffkinite. 

(c) Q. ratio for bases to silicon, 2 : 1. Staurolite. 


B. Hydrous Silicates — General Section, 

Bisilicates. — Pectolite ; laumontite ; okenite. — Chrysocolla ; alipite, etc. 
Unisilicates. — Calamine; prelmite. — Thorite, Pyrosmalite. — Apophyl- 
lite. 

Subsilicates. — Allopliane. 


Zeolite Section, 

Thomsonite ; natrolite ; scolecite ; inesolite. — Levynite. — Analcite.— 
Chabazite ; gmelinite ; hersohelite. — Phillipsite. — Harmotome. — Stilbite ; 
lieulandite. 


Margaropiiyllite Section. 

Bisilicates. — Talc. Pyrophyllite. — Sepiolite ; glauconite. 

Unisilicates. — Serpentine group. Serpentine ; deweylite ; genthite. 
Kaolinite group, ivaolinite ; pholerite ; halloysite. 

Finite group, Finite, etc. ; palagonite. 

Hydro-mica group . Fahlunite ; margarodite ; damourite ; paragonite ; 
cookeite. — llisingerite. 

Chlorite group, V ermiculites, Q. ratio of bases to silicon, 1 : 1. P^ro- 
sclerite ; jefferisite, etc. — Penninite. — Ripidolite ; prochlorite. — Chloritoid ; 
margarite. Seybertite, 


2. TANTALATES, COLUMBATES, 

Pyrochlore. — Tantalite; columbite; yttrotantalite ; Bamarskite; euxe* 
nite ; seschynite, etc. 


3. PHOSPHATES, ARSENATES, VANADATES. 

Anhydrous. — Xenotime V 3 P 2 0 8 ; rmcherite. — Descloizite. 

Hexagonal , — Formula 3Rg(P, As, V^Og + R(C1,F)2. Apatite; pyromor 
phite ; mimetite ; vanadinite. 

Waguerite ; monazite. — Triphylite ; triplite. — Arnblygcnite (hebronite) 
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Hydrous. — Pharmacolite; brushite. — Vivianite : crythrite. — Libetliinite; 
olivenite. — Lirocouite ; pseudornalachite. — Clinoclasite. — Lazuli te ; scoro- 
dito ; wavellite ; pharniacosiderite. — Childrenite. — Turquois ; cacoxenite. 
— Torbernite ; autunite. 

Hydrous antvmonate . — Bindlieimite. 


4. BORATES. 

Sa66olite ; sussexite ; ludwigite. — Boracite ; ulexite ; priccite. — W ar- 
wickite. 


5. TUNGSTATES, general formula RW0 4 ; MOLYBDATES, RMo0 4 ; 

CHROMATES, RCr0 4 . 

Wolframite; scheelite; stolzite. — Wulfenite. — Croeoite; phoenicochroite. 


6. SULPHATES. 

Anhydrous. — General formula RS0 4 . Orthorhombic I A 1 = 100°-105°. 
— Barite; celestite; anhydrite; anglesite ; zinkosite ; leadhillite. 

Caledonite. — Dreelite; susannite ; connellite. — Glauberite ; lanarldte. 
Hydrous sulphates. — Mirabilite. — Gypsum. — Polyhalite. — Epsomite. 
Copperas group. Chaleanthite, CuS0 4 4-5aq, also the other vitriols, 
RS0 4 + 7aq. 

Copiapite. — Aluminite. — Linarite ; brochantite, etc. 

Tellurates. — Montanite, Bi a Te0 6 + 2aq. 


7. CARBONATES. 

Anhydrous. — Calcite group. Rhombohedral. General formula, RCO s . 
— Calcite ; dolomite ; magnesite ; siderite ; rhodochrosite ; smithsonite. 

Aragonite group . Oithorliombic. — Aragonite ; witherite ; strontianite ; 
cerussite ; baryto-calcite. — Pliosgenite. 

Hydrous carbonates. — Gay 1 ussite, — Hydromagnesite. — Hydrozincite ; 
malachite ; azurite. — Bismutite, etc. 


VI. HYDROCARBON COMPOUNDS. 



I. NATIVE ELEMENTS. 


GOLD. 

Isometric. The octahedron and dodecahedron the most common forma. 
Crystals sometimes acicular through elongation of octa- 
hedral or other forms ; also passing into filiform, reti- 
culated, and arborescent shapes ; and occasionally 
spongiform from an aggregation of filaments ; edges of 
crystals often salient (f. 415). Cleavage none. Twins : 
twinning-plane octahedral. Also massive and in thin 
lamince. Often in flattened grains or scales, and rolled 
masses in sand or gravel. 

II. =2*5-3. G.=15*G-19*5; 19*30*19-34, when quite 

pure, G. Hose. Lustre metallic. Color and streak 
various shades of gold-yellow, sometimes inclining to silver-white. Very 
ductile and malleable. 

Composition, Varieties. — Gold, but containing silver in different proportions, and some- 
timesalso traces of copper, iron, bismuth (maldonite), palladium, rhodium. Vnr. 1. Ordinary . 
Containing 0 16 to IS p. o. of silver. Color varying, accordingly, from deep gold -yellow to 
pale yellow; G. =19-155. 2. Argentiferous ; Elcctrum. Color pale yellow to yellowish- 

white; G. =15 *5-12 5. Ratio for the gold and silver of 1 : 1 corresponds to 35 *5 p. o. of silver, 
2:1, to 21 *0 p. c. 

The average proportion of gold in the native gold of California, as derived from assays of 
several hundred millions of dollars’ worth, is 880 thousandths ; while the range is mostly 
between 870 and 890 (Prof. J. C. Booth, of U. S. Mint). The range in the metal of Australia 
is mostly between 900 and 960, with an average of 925. The gold of the Chaudidre, Canada, 
contains usually 10 to 15 p c. of Bilver ; while that of Nova Scotia is very nearly pure. The 
Chilian gold afforded Domeyko 84 to 96 per cent, of gold and 15 to 3 per cent, of silver. 
(Ann. d. Mines, IV. vi. ) 

Pyrognostic and other Chemical Characters. — B.B. fuses easily. Not acted on by fluxes* 
Insoluble in any single acid ; soluble in nitro-bydrochlorio acid (aqua-regia). 

— Readily recognized by its malleability and specific gravity. .Distinguished by its 
insolubility in nitric acid from pyrite and chalcopyrite. 

Observations. — Native gold is found, when in situ , with comparatively small exceptions, 
in the quartz veins that intersect metamorphic rocks, and to some extent in the wall rook of 
these veins. The metamorphic rocks thus intersected are mostly ohloritio, taloose, and 
argillaceous schist of dull green, dark gray, and other colors ; also, much less commonly, 
mica and homblendic schist, gneiss, dioryte, porphyry ; and still more rarely, granite. A 
laminated quarfczyte, called itacolumyte, is common in many gold regions, as those of Brazil 
and North Carolina, and sometimes specular schists, or slaty rocks containing much foliated 
specular iron (hematite), or magnetite in grains. 

The gold occurs in the quartz in strings, scales, plates, and in masses which are sometimes 
an agglomeration of crystals ; and the scales are often invisible to the naked eye, massive 
quartz that apparently contains no gold frequently yielding a considerable percentage to the 
assayer. It is always very irregularly distributed, aud never in continuous pure bonds of 
metal, like many metallic ores. It occurs both disseminated through the mass of the quartz, 
and in its cavities. The associated minerals are : pyrite, which far exceeds in quantity all 
others, and is generally auriferous ; next, chalcopyrite, galenite, sphalerite, arsenopyrite, 
each frequently auriferous ; often tetradymite and other tellurium ores, native bismuth, stib* 
nite, magnetite, hematite ; sometimes barite, apatite, fluorite, siderite, chrysocolla. 

The gold of the world has been mostly gathered, not directly from the quartz veins, hat 




222 


DESCRIPTIVE MINERALOGY. 


from the gravel or sands of rivers or valleys in auriferous regions, or the slopes of mountains 
or hills, whose rocks contain in some part, and generally not far distant, auriferous veins , 
such mines are often called alluvial washings ; in California placer-diggings . Most of the gold 
of the Urals, Brazil, Australia, and all other gold regions, has come from such alluvial wash- 
ings. The alluvial gold is usually in flattened scales of different degrees of fineness, the size 
depending partly on the original condition in the quartz veins, and partly on the distance to 
which it has been transported. Transportation by running water is an assorting process ; the 
coarser particles or largest pieces requiring rapid currents to transport them, and dropping 
first, and the finer being carried far away — sometimes scores of miles. A cavity in the rocky 
slopes or bottom of a valley, or a place where the waters may have eddied, generally proves 
in such a region to be a pocket full of gold. 

In the auriferous sands, crystals of zircon are very common ; also garnet and cyanite in 
grains; often also monazite, diamonds, topaz, magnetite, corundum, mdosmine, platinum. 
The zircons are sometimes mistaken for diamonds. 

Gold exists more or less abundantly over all the continents in most of the regions of crystal- 
line rocks, especially those of the semi- crystalline schists ; and also in some of the large 
islands of the world where such rocks exist. In Europe, it is most abundant in Hungary and 
in Transylvania ; it occurs also in the sands of the Rhine, the Reuse, the Aar, the Rhone, and 
the Danube ; on the southern slope of the Pennine Alps, from the Simplon and Monte Rosa 
to the valley of Aosta ; in Piedmont ; in Spain, formerly worked in Asturias ; in many of the 
streams of Cornwall ; near Dolgelly and other parts of North Wales ; in Scotland ; in the 
county of Wicklow, Ireland ; in Sweden, at Edelfors. 

In Asia, gold occurs along the eastern flanks of the Urals for 500 miles, and is especially 
abundant at the Beresov mines near Katharinenburg (lat. 50° 40' N.) ; also obtained at Petro- 
pavlovski (00° N.) ; Nischne Tagilsk (50 3 N.) ; Miask, near Slatoust and Mt. Ilmen (55° N., 
where the largest Russian nugget was found), etc. Asiatic mines occur also in the Cailas 
Mountains, in Little Thibet, Ceylon, and Malacca, China, Corea, Japan, Formosa, Sumatra, 
Java, Borneo, the Philippines, and other East India Islands. 

In Africa, gold occurs at Kordofan, between Darfour and Abyssinia ; also, south of the 
Sahara in Western Africa, from the Senegal to Cape Palmas ; in the interior, on the Somat, 
a day’s journey from Cassen ; along the coast opposite Madagascar, between 22 3 and 35° S., 
supposed by some to have been the Opliir of the time of Solomon. 

In South America, gold is found in Brazil; in New Granada ; Chili; in Bolivia ; sparingly 
in Peru. Also in Central America, in Honduras, San Salvador, Guatemala, Costa Rica, and 
near Panama ; most abundant in Honduras. 

In North America, there are numberless mines along the mountains of Western America, 
and others along the eastern range of the Appalachians from Alabama and Georgia to Labra- 
dor, besides some indications of gold in portions of the intermediate Archean region about 
Lake Superior. They occur at many points along the higher regions of the Rocky Mountains, 
in Mexico, and in New Mexico, in Arizona, in the San Francisco, Wauba, Yuma, and other 
districts ; in Colorado, abundant, but the gold largely in auriferous pyrite ; in Utah, and 
Idaho, and Montana. Also along ranges between the summit and the Sierra Nevada, in the 
Humboldt region and elsewhere. Also in the Sierra Nevada, mostly on its western slope 
(the mines of the eastern being principally silver mines). The auriferous belt may be said to 
begin in the Californian peninsula. Near the Tejon pass it enters California, and beyond for 
180 miles it is sparingly auriferous, the slate rocks being of small breadth ; but beyond this, 
northward, the slates increase in extent, and the mines in number and productiveness, and 
they continue thus for 200 miles or more. Gold occurs also in the Coast ranges in many 
localities, but mostly in too small quantities to be profitably worked. The regions to the 
north in Oregon and Washington Territory, and the British Possessions farther north, as also 
our possessions in Alaska, are at many points auriferous, and productively so, though to a 
less extent than California. 

In eastern North America, the mines of the Southern United States produced before the 
California discoveries, in 1849, about a million of dollars a year. They are mostly confined 
to the States of Virginia, North and South Carolina, and Georgia, or along a line from the 
Rappahannock to the Coosa in Alabama. But the region may be said to extend north to 
Canada ; for gold has been found at Albion and Madrid in Maine ; Canaan and Lisbon, N. H. ; 
Bridgewater, Vermont ; Dedham, Maes Traces occur also in Franconia township, Mont- 
gomery Co. , Pennsylvania. In Canada, gold occurs to the south of the St. Lawrence, in the 
■oil on the Chaud’ere, and over a considerable region beyond. In Nova Sootia, mines are 
worked near Halifax and elsewhere. 

In Australia, which is fully equal to California in productiveness, and much superior in the 

r ity of the metal, the principal gold mines oocur along the streams in the mountains of 
S. Wales (8. E. Australia), and along the continuation of the same range in Victoria 
(8. Australia). 
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SILVER. 

Isometric. Cleavage none. Twins : twinning-plane octahedral. Com- 
monly coarse or fine filiform, reticulated, arborescent ; in the latter, the 
branches pass off either (1} at right angles, and are crystals (usually octa- 
hedrons) elongated in the direction of a cubic axis, or else a succession of 
partly overlapping crystals ; or (2) at angles of 60°, they being elongated in 
the direction of a dodecahedral axis. Crystals generally obliquely pro- 
longed or shortened, and thus greatly distorted. Also massive, and in 
plates or superficial coatings. 

II.=2*5-3. G. =10*1-11*1, when pure 10*5. Lustre metallic. Color 
and streak silver-white ; subject to tarnish, by which the color becomes 
grayish-black. Ductile. 

Comp., Var. — Silver, with some copper, gold, and sometimes platinum, antimony, bismutli, 
mercury. 

Ordinary, (a) crystaUized ; (ft) filiform, arborescent; (c) massive. Auriferous. Contains 
10 to 30 p. c. of gold ; color white to pale brass-yellow. There is a gradual passage to argen- 
tiferous gold. Cuprifei'ou8. Contains sometimes 10 p. c. of copper. 

Fyr., etc. — B.B. on charcoal fuses easily to a silver- white globule, which in O.F. gives a 
faint dark- red coating of the oxide ; crystallizes on cooling. Soluble in nitric acid, and 
deposited again by a plate of copper. 

Obs. — Native silver occurs in masses, or in arborescent and filiform shapes, in veins trovers- 
ing gneiss, schist, porphyry, and other rocks. Also occurs disseminated, but usually invisibly, 
in native copper, galenite, chalcocite, etc. 

The mines of Kongsberg, in Norway, have afforded magnificent specimens of native silver. 
The principal Saxon localities are at Freiberg, Schneeberg, and Johanngeorgenstadt ; the 
Bohemian, at Przibram, and Joachimsthal. It also occurs in small quantities with other ores, 
at Andreasberg, in the Harz ; in Suabia ; Hungary ; at Allemont in Dauphiny ; in the 
Ural near Beresof ; in the Altai, at Zmdoff ; and in some of the Cornish mines. 

Mexico and Peru have been the most productive countries in silver. In Mexico it has 
been obtained mostly from its ores, while in Peru it occurs principaUy native. In Durango, 
Sinaloa, and Sonora, in Northern Mexico, are noted mines affording native silver. 

In the United States it is disseminated through much of the copper of Michigan, occasion- 
ally in spots of some size, and sometimes in cubes, skeleton octahedrons, etc. , at various 
mines. In Idaho, at the “ Poor Man’s lode,” large masses of native silver have been ob- 
tained. In Nevada, in the Comstock lode, it is rare, and mostly in filaments ; at the Ophir 
mine rare, and disseminated or filamentous ; in California, sparingly, in Silver Mountain dis- 
trict, Alpine Co. ; in the Maris vein, in Los Angelos Co. ; in the township of Ascot, Canada. 


PLATINUM. 

Isometric. Rarely in cubes or octahedrons. Usually in grains ; occa- 
sionally in irregular lumps, rarely of large size. Cleavage none. 

H.=4-4*5. G.=16-19; 17*108, small grains, 17'608, a mass, Breith. 
Lustre metallic. Color and streak whitish steel-gray ; shining. Opaque. 
Ductile. Fracture hackly. Occasionally magneti-polar. 

Oomp. — Platinum combined with iron, iridium, osmium, and other metals. The amount 
of iron varies from 4-20 p. c. 

Fyr., etc. — Infusible. Not affected by borax or salt of phosphorus, except in the state of 
She dust, when reactions for iron and oopper may be obtained. Soluble only in heated nitro* 
hydrochloric aoid. 
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Diff. — Distinguished by its malleability, high specific gravity, infusibility, and entire insol 
ability in the ordinary acids. 

Obs. — Platinum was first found in pebbles and small grains in the alluvial deposits of tbs 
river Pinto, in the district of Choco, near Popayan, in South America, where it received its 
name platina, from plata, silver. In the province of Antioquia, in Brazil, it has been found 
in auriferous regions in syenite (Boussingault). 

In Russia, it occurs at Nischne Tagilsk, and Goroblagodat, in the Ural, in alluvial material. 
Formerly used as coins by the Russians. Russia affords annually about 800 cwt. of platinum, 
which 18 nearly ten times the amount from Brazil, Columbia, St. Domingo, and Borneo. 
Platinum is also found on Borneo ; in the sands of the Rhine ; at St. Aray, val du Drac ; 
county of Wicklow, Ireland; on the river Jocky, St. Domingo ; in California, but not abun- 
dant : in traces with gold in Rutherford Co., North Carolina ; at St. Francois Beauce, etc., 
Canada East. 

Platin iridium. —Platinum and iridium in different proportions. Urals ; Brazil. 


PALLADIUM. 

Isometric. In minute octahedrons, Haid. Mostly in grains, sometimes 
composed of diverging fibres. 

H.=4*5-5. Gk=ll*3-ll*8, Wollaston. Lustre metallic. Color whitish 

steel-gray. Opaque. Ductile and malleable. 

Oomp — Palladium, alloyed with a little platinum and iridium, but not yet analyzed. 

Obs. — Palladium occurs with platinum, in Brazil, where quite large masses of the metal 
are sometimes met with ; also reported from St. Domingo, and the Ural 

Palladium has been employed for balances walso for the divided scales of delicate apparatus, 
for which it is adapted, because of its not blackening from sulphur gases, while at the same 
time it is nearly as white as silver. 


IRIDOSMINX!. Osmiridinm. 

Hexagonal. Rarely in hexagonal prisms with replaced basal edges. 
Commonly in irregular flattened grains. 

H.=6-7. G. = 19*3-21*12. Lustre metallic. Color tin-white, and light 
steel-gray. Opaque. Malleable with difficulty. 

Oomp., Var. — Iridium and osmium in different proportions. Two varieties depending on 
these proportions have been named as species, but they are isomorphous, as are the metals 
(G. Rose). Some rhodium, platinum, ruthenium, and other metals are usually present. 

Var. 1. Neifijamkite, Haid. ; H.=7; G, =18 '8-19 5. In flat scales; color tin- white. Over 
40 p. c. of Iridium. Probably IrOs. 

2. Miseerskile, Haid. In flat scales, often six-sided, color grayish-white, steel-gray. G. -= 
20-21 ‘2. Not over 80 p. o of iridium. One kind from Nischne Tagilsk afforded Berzelius 
IrOs 4 =Iridium 19*9, osmium 801=100 ; G. =21118. Another corresponded to the formula 
IrOs,. 

Fyr., •to. — At a high temperature the sisserskite gives out osmium, but undergoes no 
further change. The newjanskite is not decomposed and does not give an osmium odor until 
fused with nitre. 

Diff. — Distinguished from platinum by its superior hardness. 

Obs.— Occurs with platinum in the province of Choco in South America ; in the Ural moun- 
tains ; in Australia. It is rather abundant in the auriferous beach -sands of northern Cali- 
fornia, occurring in small bright lead-colored soales, sometimes six-sided. Also traces in tbs 
gold-washings on the rivers du Loup and des Plantes, Canada. 


MBHOURY. Quicksilver. Gediegen Quecksilber, Germ. 

Isometric. Occurs in small fluid globules scattered through its ganglia 
Q. =13.568. Lustre metallic. Color tin-white. Opaque. 
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Oomp. — Pure mercury (Hg) ; with sometimes a little silver. 

Pyr., etc. — B.B., entirely volatile. Dissolves readily in nitric acid. 

Obs. — Mercury in the metallic state is a rare mineral ; the quicksilver of commerce is ob- 
tained mostly from cinnabar, one of its ores. The rocks affording the metal and its ores are 
mostly clay shales or schists of different geological ages. 

Its most important mines are those of Idria in Camiola, and Almaden in Spain. It is 
-found in small quantities in Carinthia, Hungary, Peru, and other countries ; in Californio, 
especially in the Pioneei mine, in the Napa Valley. 


AMALGAM, 

Isometric. The dodecahedron a common form, also the cube and octa 
hedron in combination (see f. 40, 41, etc., p. 15). Cleavage : dodecahedral 
in traces. Also massive. 

lI.=3-3*5. G.=13.75-14. Color and streak silver-white. Opaque. 

Fracture conchoidal, uneven. Brittle, and giving a grating noise when 
cut with a knife. 

Oomp — Both A g Hg (=Silver 35*1, meroury, 04-9), and Ag^Hga (=Silver 20*5, and mer- 
cury, 73*5), are here included. 

Pyr., etc, — B.B., on charcoal the mercury volatilizes and a globule of silver is left. In the 
closed tube the mercury sublimes and condenses on the cold part of the tube in minute glo- 
bules. Dissolves in nitric acid. 

Obs. — From the Palatinate at Moschellandsberg. Also reported from Itosenau in Hungary, 
Sala in Sweden, Alleraont in Dauphind, Almaden in Spain. 

Arqukrite. — Composition Ag, 3 Hg= silver 86 ‘0, mercury, 13*4=100. Chili Kongs- 
BERGITE, AgieHg (?) Kongsberg, Norway. 


COPPER. 

Isometric. Cleavage none. Twins : twinning-plane octahedral, very 
common. Often filiform and arborescent ; the latter with the branches 
passing off usually at 60°, the supplement of the dodecahedral angle. Also 
massive. 

11. =2*5-3. G.=8*838, Whitney. Lustre metallic. Color copper-red. 

Streak metallic shining. Ductile and malleable. Fracture hackly. 


Oomp — Pure copper, but often containing some silver, bismuth, etc. 

Pyr., etc. — B.B., fuses readily ; on cooling, becomes covered with a coating of black oxtae. 
Dissolves readily in nitric acid, giving off red nitrous fumes, and producing a deep aznre-blue 
solution upon the addition of ammonia. 

Obs. — Copper occurs in beds and veins accompanying its various ores, and is most abundant 
in the vicinity of dikes of igneous rocks. It is sometimes found in loose masses imbedded in 
the soil. 

Found at Turinsk, in the IJrals, in fine crystals. Common in Cornwall. In Brazil, Chili, 
Bolivia, and Peru. At Walleroo, Australia. 

This metal has been found native throughout the red sandstone (Triassico- Jurassic) region 
of the eastern United States, in Massachusetts, Connecticut, and more abundantly in New 
Jersey, where it has been met with sometimes in fine crystalline masses. No known locality 
exceeds in the abundance of native copper the Lake Superior oopper region, near Keweenaw 
Point, where it exists in veins that intersect the trap and sandstone, and where masses of 
immense size have been obtained. It is associated with prehnite, ditolite, analoite, laumon* 
tite, pectolite, epidote, chlorite, wollastonite, and sometimes coats amygdules of calcite, 
etc., in amygdaloid. Native oopper occurs sparingly in California. Also on the Gila rivet 
in Arizona ; in large drift masses in Alaska. 
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IRON* 

Isometric. Cleavage octahedral. 

H.=4*5. G.=7 , 3-7'8. Lustre metallic. Color iron-gray. Streak shin- 
ing. Fracture hackly. Malleable. Acts strongly on the magnet. 

Obs. — The occurrence of masses of native iron of terrestrial origin has been several times 
reported, but it is not yet placed beyond doubt. The presence of metallic iron in grains in 
basaltic rocks has been proved by several observers. It has also been noticed in other related 
rocks. The so-called meteoric iron of Ovifak, Greenland, found imbedded in basalt, is con- 
sidered by some authors to be terrestrial. 

Meteoric iron usually contains 1 to 20 per cent, of nickel, besides a small percentage of 
other metals, as cobalt, manganese, tin, copper, chromium ; also phosphorus common as a 
phosphuret (schreibersite), sulphur in sulphurets, carbon in some instances, chlorine. Among 
large iron meteorites, the Gibbs meteorite, in the Yale College cabinet, weighs 1,635 lbs. ; it 
was brought from Red River. The Tucson meteorite, now in the Smithsonian Institution, 
weighs 1,400 lbs. ; it was originally from Sonora. It is ring-shaped, and is 49 inches in its 
greatest diameter. Still more remarkable masses exist in northern Mexico ; also in South 
America ; one was discovered by Don Rubin de Celis in the district of Chaco-Gualamba, 
whose weight was estimated at 32,000 lbs. The Siberian meteorite, discovered by Pallas, 
weighed originally 1,000 lbs. and contained imbedded crystals of chrysolite. Smaller masses 
are quite common. 

Zinc.- -Native zinc has been reported to occur in Australia; and more recently Mr. W. 
D. Marks reports its discovery in Tennessee, under circumstances not altogether free from 
doubt. 

Lead. — Native lead occurs very sparingly. It has been found in the Urals, in Spain, 
Ireland, etc. Dr. Genth speaks of its discovery in the bed rock of the gold placers at Camp 
Creek, Montana. 

Tin is probably only an artificial product. 


ARSENIC. 

Shorn bohed ral. 12 A 12 = 85° 41', O A 12 = 122° 9', c = 1-3779, Miller. 
Cleavage : basal, imperfect. Often granular massive ; sometimes reticu- 
lated, reuiform, and stalactitic. Structure rarely columnar. 

II. = 3*5. G.=5*93. Lustre nearly metallic. Color and streak tin-white, 

tarnishing soon to dark-gray. Fracture uneven and line granular. 

Comp. — Arsenic, often with some antimony, and traces of iron, silver, gold, or bismuth. 

Pyr. — B.B., on charcoal volatilizes without fusing, coats the coal with white arsenous oxide, 
and affords the odor of garlic ; the coating treated in R. F. volatilizes, tinging the flame blue. 

Obs. — Nativo arsenic commonly occurs in veins in crystalline rocks and the older schists, 
and is often accompanied by ores of antimony, red silver ore. realgar, sphalerite, and other 
metallic minerals. 

The silver mines of Saxony afford this metal in considerable quantities ; also Bohemia, the 
Harz, Transylvania, Hungary, Norway, Siberia ; occurs at Chanarcillo, and elsewhere in 
Chili; and at the mines of San Augustin, Mexico. In the United States it has been 
observed at Haverhill and Jackson, N. H., at Greenwood, Me. 

ANTIMONY. 

Uhombohedral. R A R = 87° 35', Kose ; O A R = 123° 32' ; b = 1*3068. 
2 A 2 = 89° 25'. Cleavage : basal, highly perfect £ distinct. Generally 
massive, lamellar ; sometimes botryoidal or roniform with a granular texture. 

* The asterisk in this and similar cases indicates that the species is mentioned again in 
the Supplementary Chapter, pp. 420 to 440. 
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H.=3-3-5. G.=6'64r6-6’72. Lustre metallic. Color and streak tin- 
white. Very brittle. 

Comp, — Antimony, containing sometimes silver, iron, or arsenic. 

Pyr, — B.B., on charcoal fuses, gives a white coating in both 0. and R.F. ; if the blowing 
be intermitted, the globule continues to glow, giving off white fumes, until it is finally crusted 
over with prismatic crystals of aatimonous oxide. The white coating tinges the R.F. bluish- 
green. Crystallizes readily from fusion. 

Occurs near Sahl in Sweden; at Andreasberg in the Harz; at Przibram ; at Allemonb in 
Dauphiny ; in Mexico ; Chili ; Borneo ; at South Ham, Canada ; at Warren, N. J , rare ; at 
Prince William antimony mine, N. Brunswick, rare. 

Allemomtite. — Arsenical antimony, SbAs 3 . Color tin- white or reddish-gray. Occura at 
Allemont ; in Bohemia ; the Harz. 


BISMUTH. Gediegen Wismuth, Germ. 

Hexagonal. R A R = 87° 40', G. Rose ; 0 A R = 123° 36' ; c = 1*3035. 
Cleavage: basal, perfect; 2, —2, less so. Also in reticulated and arbores- 
cent shapes ; foliated and granular. 

Il.=2-2*5. G.=9*727. Lustre metallic. Streak and color silver- white, 

with a reddish hue ; subject to tarnish. Opaque. Fracture not observable. 
Sectile. I brittle when cold, but when heated somewhat malleable. 

Comp., Var. — Pure bismuth, with occasional traces of arsenio, sulphur, tellurium. 

Pyr., etc. — B.B., on charcoal fuses and entirely volatilizes, giving a coating ornnge-yellow 
while hot, and lemon-yellow on cooling. Dissolves in nitric acid ; subsequent dilution causes 
a white precipitate. Crystallizes readily from fusion. 

Eiff — Distinguished by its reddish color, and high specific gravity, from the other brittle 
metals. 

Obs. — Bismuth occurs in veins in gneiss and other crystalline rocks and clay slate, accom- 
panying various ores of silver, cobalt, lead, and zinc. Abundant at the silver and cobalt 
mines of Saxony and Bohemia; also found in Norway, and at Fahlun in Sweden. At Wheal 
Spamon, and elsewhere in Cornwall, and at Cariack Fell in Cumberland ; at the Atlas mine, 
Devonshire ; at Meymac, Corrdze ; ut San Antonio, Chili ; Mt. Illampu (Sorata), in Bolivia ; 
in Victoria. 

At Lane’s mine in Monroe, and near Seymour, Conn., in quartz ; occurs also at Brewer’* 
mine. Chesterfield district, South Carolina ; in Colorado. 


TELLURIUM.* 

Hexagonal, R A R = 86° 57', G. Rose ; 0 A R = 123° 4', i = 1-3302. 
In six-sided prisms, with basal edges replaced. Cleavage : lateral perfect, 
basal imperfect. Commonly massive and granular. 

H.=2-2 5. G.=6-l“6*3. Lustre metallic. Color and streak tin-white 
Brittle. 

Oomp. — According to Klaproth, Tellurium 92 55, iron 7*20, and gold 0'25. 

Pyr — In the open tube fuses, giving a white sublimate of tellurous oxide, which B.B. 
fuses to colorless transparent drops. On charcoal fuses, volatilizes almost entirely, tinges the 
flame green, and gives a white ooating of tellurous oxide. 

Obs. — Native tellurium occurs in Transylvania (whence the name Sylvanite ) ; also at the 
Red Cloud mine, near Gold Hill, Boulder to., Colorado. 
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NATIVE SULPHUR. 


Orthorhombic. /A 1 = 101° 46', O A 1-1 = 113° 6' ; <?:&:<* = 2-344 • 
1-23:1. O Al-l = 117° 41' ; A 1 = 108° 19'. 

Cleavage: and 1, imperfect. Twins, 

com position -face, /, sometimes producing cruci- 
form crystals. Also massive, sometimes con 
sisting of concentric coats. 

IL=l*5-2*5. G-.=2'072, of crystals from 

Spain. Lustre resinous. Streak sulphur-yel- 
low, sometimes reddish or greenish. Trans- 
parent — siibtranslucent. Fracture conchoidal, 
more or less perfect. Sectile. 




Comp. — Pure sulphur; but often contaminated with clay or bitumen. 

Pyr-j etc.— Bums at a low temperature with a bluish tlame, with the strong odor of sul- 
phurous oxide. Becomes resinously electrified by friction. Insoluble in water, and not 
acted on by the acids. 

Obs. — Sulphur is dimorphous, the crystals being monoclinic when formed at a moderately 
high temperature (126° C., according to Frankenheim). 

The great repositories of sulphur are either beds of gypsum and the associate rocks, or the 
regions of active and extinct volcanoes. In the valley of Noto and Mazarro, in Sicily ; at 
Conil, near Cadiz, in Spain ; Bex, in Switzerland ; Cracow, in Poland, it occurs in the former 
situation ; also Bologna, Italy. Sicily and the neighboring volcanic isles ; the Solfatara, near 
Naples ; the volcanoes of the Pacific ocean, etc., are localities of the latter kind. Abundant 
in the Chilian Andes. 

Sulphur is found near the sulphur springs of New York, Virginia, etc., sparingly ; in many 
coal deposits and elsewhere, where pyrite is undergoing decomposition ; at the hot springs 
and geysers of the Yellowstone park ; in California, at the geysers of Napa valley, Sonoma 
Co. ; in Santa Barbara in good crystals ; near Clear lake, Lake Co. ; in Nevada, in Humboldt 
Co., in large beds ; Nye and Esmeralda Cos., etc. 

The sulphur mines of Sicily, the crater of Vulcano, the Solfatara near Naples, and the beds 
of California, afford large quantities of sulphur for commerce. 


DIAMOND.* 


Isometric. Often tetrahedral in planes, 1 , 2, and 3-f. Usually with 



curved faces, as in f. 419 (3-f) ; f. 420 is a distorted form. Cleavage : 
octahedral, highly perfect. Twins : twinning-plane, octahedral ; f. 418, is 
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an elliptic twin of f. 419, the middle portion between two opposite sets oi 
six planes being wanting. Rarely massive. 

II. =10. G.=3.5295, Thompson. Lustre brilliant adamantine. Color 

white or colorless : occasionally tinged yellow, red, orauge, green, blue, 
brown, sometimes black. Transparent ; translucent when dark colored. 
Fracture conchoidal. Index of refraction 2*4. Exhibits vitreous electricity 
when rubbed. 

Oomp. — Pure carbon, isometric in crystallization. 

Var. — 1 . Ordinary , or crystallized. The crystals often contain numerous microscopic cavi- 
ties, as detected by Brewster ; and around these cavities the diamond shows evidence, by 
polarized light, of compression, as if from pressure in the included gas when the diamond 
was crystallized. The coarse varieties, which are unfit, in consequence of imperfections, for 
use in jewelry, are called bort ; they are sold to the trade for cutting purposes. 

2. Maxxive. In black pebbles or masses, called carbonado , occasionally 1,000 carats in weight. 
H =10 ; G. =3 *012-3 41(5. Consists of pure carbou, excepting 0*27 to 2*07 p. c. (Brazil). 

3. Anthracitic. Like anthracite, but hard enough to scratch even the diamond. In glo- 
bules or mammillary masses, consisting partly of concentric layers ; fragile ; G =1 00; com- 
position, Carbon 97, hydrogen 0*5, oxygen 1 5. Cut in facets and polished, it refracts and 
disperses light, with the white lustre peculiar to the diamond. Locality unknown, but sup- 
posed to come from Brazil. 

Pyr., etc.— Burns, and is wholly consumed at a high temperature, producing carbonio 
dioxide. It is not acted on by acids or alkalies. 

Diff. — Distinguished by its extreme hardness, brilliancy of reflection, and adamantine lustre. 

Oba. — The diamond often occurs in regions that afford a laminated granular quartz rock, 
called itacolumyte , which pertains to the talcose scries, and which in thin slabs is more or 
less flexible. This rock is found at the mines of Brazil and the Urals ; and also in Georgia 
and North Carolina, where a few diamonds have been found. It'ha^ also been detected in a 
species of conglomerate, composed of rounded siliceous pebbles, quartz, chalcedony, etc., 
cemented by a kind of ferruginous clay. Diamonds are usually, however, washed out from 
the soil. The Ural diamonds occur in the detritus along the Adolfskoi rivulet, where worked 
for gold, and also at other places. In India the diamond is met with at Purteul, between 
Hy derabad and Masulipatam, where the famous Kohinoor was found. The locality on Borneo 
is at Pontiana, on the west side of the Ratoos mountain. Also found in Australia. 

The diamond region of South Africa, discovered in 1837, is the most productive at the 
present time. The diamonds occur in tbe gravel of the Vaal river, from Potchef strum, cap- 
ital of the Transvaal Republic, down its whole course to its junction with the Orange river, 
aud thence along ths latter stream for a distance of 00 miles. In addition to this the dia- 
monds are found also in the Orange River Republic, in isolated fields or l*anx, of which Du 
Toit’s Pan is the most famous. The number of diamonds which have been found at the U.ipu 
is very large, and some of them are of considerable size. It has been estimated that the value 
of those obtained from March, 1807, to November, 1875, exceeded sixty millions of dollars. 
As a consequence of this production the market value of the stones has been much dimin- 
ished. 

In the United States a few crystals have been met with in Rutherford Co., N. C. , and Hall 
Co., (ia. ; they occur also at Portis mine, Franklin Co,, N. C. (Genth) ; one handsome one, 
over £ in. in diameter, in the village of Manchester, opposite Richmond, Va. In California, 
at Cherokee ravine, in Butte Co. ; also in N. San Juan, Nevada Co., and elsewhere in the 
gold washings. Reported from Idaho, and with platinum of Oregon. 

The largest diamond of which we have any knowledge is mentioned by Tavernier as in 
possession of the Great Mogul. It weighed originally 900 carats, or 2709 3 grains, but was 
reduced by cutting to 801 grains. It has the form and size of half a hen’s egg. It waR found 
in 1550, in the mine of Colone. The Pitt or Regent diamond weighs but 130 25 carats, or 
419± grains ; but is of unblemished transparency and color. It is cut in the form of a bril- 
liant, and Its value is estimated at £125,000. The Kohinoor measured, on its arrival in Eng- 
land, about 1& inches in its greatest diameter, over # of an inch in thickness, and weighed 
180:, , carats, and was cut with many facets. It has since been recut, and reduced to a dia- 
meter of 1 - 7 4 ; by If nearly, and thus diminished over one-third in weight. It is supposed by 
Mr. Tennant to have been originally a dodecahedron, and he suggests that the great Russian 
diamond and another large slab weighing 130 carats were actually cut from the original dode- 
cahedron. Tavernier gives the original weight at 787^ carats. The Rajah of Mattan has is 
his possession a diamond from Borneo, weighing 367 carats. The mines of Brazil were not 
known to afford diamonds till the commencement of the eighteenth century. 



230 


DE8CBIPTIVE MINERALOGY . 


GRAPHITE. Plumbago. 

Ilexagoiial. In flat six-sided tables. The basal planes ( 0 ) are often 
striated parallel to the alternate edges. Cleavage : basal, perfect. Com- 
monly in imbedded, foliated, or granular masses. Rarely in globular con- 
cretions, radiated in structure. 

II. =1-2. G.=2*09-2*229. Lustre metallic. Streak black and shining. 
Color iron-black — dark steel-gray. Opaque. Sectile; soils paper. Thin 
laminae flexible. Feel greasy. 


Var. — (a) Foliated ; (&) columnar, and sometimes radiated ; (e) scaly, massive, and slaty ; 
(d) granular massive ; (e) earthy, amorphous, without metallic lustre except in the streak ; 
(/) in radiated concretions. 

Comp. — Pure carbon, with often a little iron sesquioxide mechanically mixed. 

Pyr., etc. — At a high temperature it burns without llame or smoke, leaving usually some 
red oxide of iron. B.B. infusible ; fused with nitre in a platinum spoon, dellagrates, con- 


verting the reagent into potassium carbonate, which effervesces with acids. Unaltered by 


acids. 


Diff. — See molybdenite, p. 233. 

Obs. — Graphite occurs in beds and imbedded masses, laminae, or scales, in granite, gneiss, 
mica schists, crystalline limestone. It is in some places a result of the alteration by heat of 
the coal of the coal formation. Sometimes met with in greenstone. It is a common furnace 
product. 

Occurs at Borrowdale in Cumberland ; in Glenstrathfarrar in Invemesshire ; at Arendal in 
Norway; in tho Urals, Siberia, Finland ; in various parts of Austria; Piussia; France. 
Large quantities are brought from the East Indies. 

In the United States, the mines of Sturbridge, Mass., of Ticonderoga and Fishkill, N. Y. t 
of Brandon, Vt., and of Wake, N. C., are worked; and that of Ashford, Conn., formerly 
afforded a large amount of graphite. It occurs sparingly at many other localities 

The name black, lend, applied to this species, is inappropriate, as it contains no laad. The 
name graphite, of Werner, is derived from ypd(f>u>. to write. 

Nardenskibld makes the graphite of Ersby and Storgard monocUnie . 



IJ. SULPHIDES, TELLURIDES, SELENIDES, ARSEN- 
IDES, BISMUTHIDES. 


1. BINARY COMPOUNDS. — Sulphides and Tellurides of tiie Metals 
of the Sulphur and Arsenic groups. 


REALGAR,* 


Monoclinic. C = 60° 5', / A r = 74' 

138° 21' ; c:b:d = 0-6755 : 0-6943 : 1 . 
matic. Cleavage : i\ O rather perfect ; I, i-i in 
traces. Also granular, coarse or hue ; compact. 

II. =1*5-2. G.=3"4-3G. Lustre resinous. Color 
aurora-red or orange-yellow. Streak varying from 
orange-red to aurora-red. Transparent — translu- 
cent. Fracture conchoidal, uneven. 


26 ', Marignac, Scacchi, O A 1-1 = 
Ilahit pris- 



Comp. — AsS — Sulphur 29.9. arsenic 70*1 = 100. 

Pyr., etc, — In the closed tube melts, volatilizes, and gives a 
transparent red sublimate ; in the open tube, sulphurous fumes, 
and a white crystalline sublimate of arsenous oxide. B.H. on 

charcoal bums with a blue flame, emitting arsenical and sulphurous odors. Solublo in caustia 
alkalies. 

Obs. — Occurs with ores of silver and lead, in Upper Hungary ; in Transylvania ; at Joachims- 
thal; Schneeberg; Andreasherg; in the Binnenthal, Switzerland, in dolomite; at Wieslooh 
in Baden ; near Julamerk in Koordistan ; in Vesuvian lavas, in minute crystals. 


ORPIMENT* 

Orthorhombic. 1 A 1 = 100° 40', O A 1-i = 126° 30', Mohs. & : l : d == 
1*3511 : 1*2059 : 1. Cleavage: i-i highly perfect, i-i in traces, i-i longi- 
tudinally striated. Also, massive, foliated, or columnar; sometimes reni- 
form. 

II. = 1*5-2. G. = 3*48, Ilaidinger. Lustre pearly upon the faces of per- 
fect cleavage ; elsewhere resinous. Color several shades of lemon-yellow. 
Streak yellow, commonly a little paler than the color. Subtransparent — 
subtranslucent. Sub-se^tile. Thin laminae obtained by cleavage flexible 
but not elastic. 

Comp. — A« 2 S#=Sulphur 39, arsenic 01=100. 

Pyr., etc. — In the closed tube, fuses, volatilizes, and gives a dark yellow sublimate ; other 
reactions the same as under realgar. Diasoives in nitro-hydroehloric acid and caustic alkalies. 

Obs — Orpiment in small crystals is imbedded in clay at Tajowa, in Upper Hungary. It is 
usually in foliated and fibrous masses, and in this form is found at Kapnik, at Moldawa, and 
at Felsobanya ; at Hall in the Tyrol it is found in gypsum ; at St. Gothard m dolomite ; at 
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the Solfatara near Naples. Near Jnlaznerk in Koordistan. Occurs also at Acobambillo, Pern. 

Small traces are met with in Eden ville, Orange Co., N. Y. 

The name orpiment is a corruption of its Latin name auripigmentum, ‘ 4 golden paint, 
which was given in allusion to the color, and also because the substance was supposed to con- 
tain gold. 

Dimorphite of Scacchi may be, according to Kenngott, a variety of orpiment. 


STIBNITH. Antimonite. Gray Antimony. Antimony Glance. Antimonglanz, Germ. 


Orthorhombic. / A I = 90 c 


4 23 


/ * \£> 
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54', 0 A 1-1 = 134° 16', Krenner ; c :b : d = 
1*0259 : 1*0158 : 1. 0 A 1 = 124° 

45'; (9 A 14= 134° 42£'. 

Lateral planes deeply striated 
longitudinally. Cleavage: i-i highly 
perfect. Often columnar, coarse or 
line ; also granular to impalpable. 

II.=2. G. =4*516, Ilaiiy. Lustre 
metallic. Color and streak lead- 
gray, inclining to steel-gray : sub- 
ject to blackish tarnish, sometimes 
iridescent. Fracture small sub-con- 
choidal. Sectile. Thin laminae a 
little flexible. 


Oomp. — Sb 2 S 3 = Sulphur 28 2, antimony 71 8 = 100. 

Pyr., etc, — In the open tube sulphurous and antimonous fumes, the latter condensing os a 
white sublimate which B.B. is non-volatile. On charcoal fuses, spreads out, gives sulphurous 
and antimonous fumes, coats the coal white ; this coating treated in R.F. tinges the ilame 
greenish-blue. Fus. = 1. 'When pure perfectly soluble in hydrochloric acid. 

Diff — Distinguished by its perfect cleavage ; also by its extreme fusibility and other blow- 
pipe characters. 

Ob-. — Occurs with spathic iron in beds, but generally in veins. Often associated with 
blende, barite, and quartz. 

Met with in veins at Wolfsborg. in the Harz ; at Briiunsdorf, near Freiberg ; at Przibram ; 
in Hungary, at Pereta, in Tuscany; in the Urals; in Dumfriesshire; in Cornwall. Also 
found in different Mexican mines. Also abundant in Borneo. 

In the United States, it occurs sparingly at Carmel, Me. ; at Cornish and Lyme, N. H. ; 
at ‘* Soldier's Delight,” Md. ; in the Humboldt mining region in Nevada ; also in the mines 
of Aurora, Esmeralda Co., Nevada. Also found in New Brunswick, 20 m. from Fredericton, 
S. W. side of St. John R. 

ThiB ore affords much of the antimony of commerce. The crude antimony of the shops is 
obtained by simple fusion, which separates the accompanying rock. From this product most 
of the pharmaceutical preparations of antimony are made, and the pure metal extracted. 

Livingbtonite ( Barcena ). — Resembles stibnite in physical characters, but has a red 
streak, and contains, besides sulphur and antimony, 14 p. c. mercury. Huitzuco, State of 
Guerrero, Mexico. See p. 430. 


BISMTJTHINITE. Bismuth Glance. Wismuthglanz, Germ . 

Orthorhombic. I A 1 = 91° 30', Ilaidinger. Cleavage: brachydiagonal 
perfect; macrodiagonal less so ; basal perfect. In acicnlar crystals. Also 
massive, with a foliated or fibrous structure. 

II. =2. G. = 6*4-6*459 ; 7*2; 7*16, Bolivia, Forbes. Lustre metallic. 
Streak and color lead-gray, inclining to tin- white, with a yellowish or irides- 
cent tarnish. Opaque. 
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Comp. — Bi a S,= Sulphur 18 75, bismuth 81*25=100 ; isomorphous with stibnite. 

Fyr., etc. — In the open tube sulphurous fumes, and a white sublimate which B.B. fuses 
into drops, brown while hot and opaque yellow on cooling. On charcoal at first gives sul* 
pliurous fumes, then fuses with spirting, and coats the coal with yellow bismuth oxido. 
Fus. =1. Dissolves readily in hot nitric acid, and a white precipitate falls on diluting with 
water. 

Obs. — Found at Brandy Gill, Carrock Fells, in Cumberland ; near Redruth ; at Botallack 
near Land’s End ; at Herland Mine, Gwenuap ; with ohildrenite, near Callington ; in Saxony; 
at Riddarhyttan, Sweden ; near Sorata, Bolivia. Occurs in Rowan Co., N. C., at the Barn- 
hardt vein ; at Haddam, Cfc. ; Beaver Co. , Utah. 

Guanajuatite ; Frenzelite. Fernandez , 1873 ; Castillo , 1873 ; Frenzel, 1874.— -A bismuth 
selenide, Bi 2 Se 3 ; sometimes with part of the selenium replaced by sulphur, that is, Bi a (Se,S) s , 
with Se : S=3 : 2, which requires Selenium 23*8, sulphur 0*5, bismuth 09 *7=100. Isomor- 
phous with stibnite and bismuthinite (Schrauf). Guanajuato, Mexico. SlLAONlTE from 
Guanajuato is Bi s Se (Fernandez). See p. 428. 


TETRAD YMITE, Tellurwisrauth, Germ. 

Hexagonal. () A R = 118° 38', /£ A 7? = Sl° 2' ; c= 1*5865. Crystals 
often tabular. Cleavage : basal, very perfect. Also massive, foliated, or 
granular. 

II. = 1*5-2. G.=7*2~7*9. Lustre metallic, splendent. Color pale. steel- 
gray. Not very sectile. Laminae flexible. Soils paper. 

Comp., Var. — Consists of bismuth and tellurium, with sometimes sulphur and selenium. 
If sulphur, when present, replaces part of the tellurium, the analyses for the most part afford 
the general formula Bi 2 (Te, S) 3 . Var. 1 . — Free from eu/phur. Bi a Te 3 = Tellurium 48*1, 
bismuth 51*9; G. =7*868, from Dahlonega, Jackson; 7*642, id., Balch. 2. Sutyhurous. 
Containing 4 or 5 p. c. sulphur. (1.-7*500, crystals from Sehubkau, Wehrle. 

Fyr. — In the open tube a whit/, sublimate of tellurous oxide, which B.B. fuses to colorless 
drops. On charcoal fuses, gives white fumes, and entirely volatilizes ; tinges the R. K. bluish- 
green ; coats the coal at first white (tellurous oxide), and finally orange-yellow (bismuth 
oxide) ; some varieties give sulphurous nnd selenous odors. 

Diif. — Distinguished by its easy fusibility ; tendency to foliation, and high specific gravity. 

Obs. — Occurs at Sehubkau, near Schemnitz ; at Iietzbanya ; Orawicza; at Tellemark in 
Norway ; at Bastnaes mine, near Riddarhyttan, Sweden. 

In the United States, associated with gold ores, in Virginia ; in North Carolina, Davidson 
Co. , etc. Also occurs in Georgia, 4 m. E. of Dahlonega, and elsewhere ; Highland, Montana 
T. ; Red Cloud mine, Colorado, rare ; Montgomery mine, Arizona. 

Joseite. — A bismuth telluride, in which half the tellurium is replaced by sulphur and 
selenium ; Brazil. 

Wehulite. — C omposition probably Bi(Te, S). G. =8:44. Deutsch Pilsen, Hungary. 


MOLYBDENITE.* Molybdanglanz, Germ. 

In short or tabular hexagonal prisms. Cleavage : eminent, parallel to 
base of hexagonal prisms. Commonly foliated, massive, or in scales: also 
fine granular. 

II. = 1-1*5, being easily impressed by the nail. G. =4*44-4*8. Lustre 
metallic. Color pure lead-gray. Streak similar to color, slightly inclined 
to green. Opaque. Laminae very flexible, not elastic. Sectile, and almost 
malleable. Bluish-gray trace on paper. 
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Comp, — MoS u = Sulphur 41 • 0, molybdenum 59 *0 = 1 00, 

Pyr., etc.— In the open tube sulphurous fumes. B B. in the forceps infusible, imparts a 
yellowish -green color to the flume ; on charcoal the pulverized mineral gives in O.F, a strong 
odor of sulphur, and coats the coal with crystals of molybdic oxide, which appear yellow 
while hot, and white on cooling ; near the assay the coating is copper-red, and if the white 
coating be touched with an intermittent R.F., it assumes a beautiful azure-blue color. 
Decomposed by nitric acid, leaving a white or grayish residue (molybdic oxide). 

Diff. — Distinguished from graphite by its color and streak, and also by its behavior (yield- 
ing sulphur, etc. ) before the blowpipe. 

Obs — Molybdenite generally occurs imbedded in, or disseminated through, granite, gneiss, 
zircon-Byenite, granular limestone, and other crystalline rocks. Found in Sweden ; Norway ; 
Russia. Also in Saxony ; in Bohemia ; Bathausberg in Austria ; near Miask, Urals ; Chessy 
iu France ; Peru ; Brazil ; Calbeck Fells, and elsewhere in Cumberland ; several of the Cornish 
mines; in Scotland at East Tulloch, etc. 

In Maine, at Blue Hill Bay and Camdage farm. In Conn., at Haddam. In Vermont, at 
Newport. In AT. Hampshire, at Westmoreland ; at Llandaff ; at Franconia. In Mass., at 
Shutesbury ; at Brimfield. In N. York, near Warwick. In Penn., in Chester, on Chester 
Creek ; near Concord, Cabarrus Co., N. 0. In California, at Excelsior gold mine, in Excel* 
iior district. In Canada , at several places. 


2. BINARY COMPOUNDS. — Sulphides, Tellukides, etc., of Metals 
of the Gold, Ikon, and Tin Geoups. 

A. BASIC DIVISION. 


DYSCRASITE. Antimonial Silver. Antimon-Silber, Germ* 

Orthorhombic. I A 1 — 119° 59' ; OA 14130° 41'; = 1 1633: 

1*7315 : 1 ; O A 1 = 120° 40' ; O A 1-4 = 146° 6'. Cleavage : basal distinct : 
1-4 also distinct; I imperfect. Twins: stellate forms and hexagonal 
prisms. Prismatic planes striated vertically. Also massive, granular ; par- 
ticles of various sizes, weakly coherent. 

H.=: 3*5— 4. G.=iM4-3*82. Lustre metallic. Color and streak silver- 

white, inclining to tin-white ; sometimes tarnished yellow or blackish. 
Opaque. Fracture uneven. 

Oomp. — Ag 4 8b = Antimony 22, silver 78=100. Also Ag 0 Sb= Antimony 15 *06, silver 84 '34, 
and other proportions. 

Pyr., etc. — B. B. on charcoal fuses to a globule, -coating the coal with white antimonous 
oxide, and finally giving a globule of almost pure silver. Soluble in nitric acid, leaving anti- 
monous oxide. 

Obs. — Occurs near Wolfach in Baden, Wittichen in Suabia, and at Andreasberg ; also at 
Allemont in Daupbine, Casalla in Spain, and in Bolivia, S. A. 


DOMEYKITE. Arsenikknpfer, Germ. 

Reniform and botryoidal ; also massive and disseminated. 

H.=3-3*5. G.=7-7’50, Portage Lake, Genth. Lustre metallic but dull 
on exposure. Color tin-white to steel-gray, with a yellowish to pinchbeck- 
brown, and, afterward, an iridescent tarnish. Fracture uneven. 
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Oomp. — Cu«As= Arsenic 28-8, copper 71'7=100. 

Pyr., etc. — In the open tube fuses and gives a white crystalline sublimate of arsenoua 
oxide. B.B. on charcoal arsenical fumes and a malleable metallic globule, which, on treat- 
ment with soda, gives a globule of pure copper. Not dissolved in hydrochloric acid, but 
soluble in nitric acid. 

Obs. — From the mines of Chili. In N. America, found on the Sheldon location, Portage 
Lake; and at Michipicoten Island, in L. Superior. 

Alooponitk. — Composition, Cu 6 As= Arsenic 1G 5, copper 83 5. Chili ; also Lake Superior. 

Whitneute. — Cu»As=Arsenic 11*6, copper 88 4 =100. Houghton, Mich., also Calif omia, 
Arizona. 


B. PROTO DIVISION. 

(a) Oalenite Gro uj?. Isometric; holohedral. 


AROENTTTE. Silver Glance. Vitreous Silver. Silberglanz, Germ. 

Isometric. Cleavage: dodecahedral in traces. Also reticulated, arbores- 
cent, and filiform ; also amorphous. 

II. =2-2*5. G. = 7*196-7*365. Lustre metallic. Streak and color black- 
ish lead-gray ; streak shining. Opaque. Fracture small sub-conchoidal, 
ineven. Malleable. 

Comp — AgjS= Sulphur 12*9, silver 87*1 = 100. 

Pyr., etc. — In the open tube gives off sulphurous oxide. B.B. on charcoal fuses with intu- 
mescence in O.F., emitting sulphurous fumes, and yielding a globule of silver. 

Eiff. — Distinguished from other Rilver ores by its malleability. 

Obs — Found in the Erzgebirge ; in Hungary ; in Norway, near Kongsberg ; in the Altai; 
in the Urals at the Blagodat mine ; in Cornwall ; in Bolivia ; Peru ; Chili ; Mexico, etc. 
Occurs in Nevada, at the Comstock lode, and elsewhere. 

Ot.dizamitk from the Busti meteorite is essentially CaS. 

Naumannite. — A silver selenide, containing also some lead. Color iron-black. From 
the Harz. 

Eucairite. — A silver-copper selenide, (Cu, Ag) a Se. Color silver- white to gray. Sweden; 
Chili. 


orookesitb. 

Massive, compact ; no trace of crystallization. 

II. =2*5-3. G.=6*90. Lustre metallic. Color lead-gray. Brittle. 

Comp. — (Cu 2 ,Tl,Ag) Se= Selenium 33*28, copper 45 *70. thallium 17*25, Bilver 3*7l=»100. 
Pyr., etc. — B.B. fuses very easily to a greenish-black shining enamel, coloring the flame 
strongly green. Insoluble in hydrochloric acid ; completely soluble in nitric acid. 

Obs. — From the mine of Skrikerum in Norway. Formerly regarded os selenide of copper 
or berzelianite. 


OALENITE. Galena. Bleiglanz, Germ. 

Isometric ; habit cubic (see f. 38, 39, etc., p. 15). Cleavage, cubic, per- 
fect; octahedral m traces. Twins: twinning-plane, the octahedral plane, 
f. 425 (f. 263, p. 88); the 6ame kind of composition repeated, f. 426, and 
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flattened parallel to 1. Also reticulated, tabular ; coarse or fine granular ; 
sometimes impalpable ; occasionally fibrous. 



II. =2*5-2*75. G.=7’25-7*7. Lustre metallic. Color and streak pure 
lead-gray. Surface of crystals occasionally tarnished. Fracture flat sub- 
clionclioidal, or even. Frangible. 

Comp., Var. — PbS=Sulphur 13 *4, lead 86 *6 = 100. Contains silver, and occasionally selen- 
ium, zinc, cadmium, antimony, copper, as sulphides ; besides, also, sometimes native silver 
and gold ; all gale nit e is more or less argentiferous, and no external characters serve to dis- 
tinguish the relative amount of silver present. 

Pyr. — In the open tube gives sulphurous fumes. B.B. on charcoal fuses, emits sulphurous 
fumes, coats the coal yellow, and yields a globule of metallic lead. Soluble in nitric acid. 

Diff. — Distinguished in all but the finely granular varieties by its perfect cubic cleavage. 

Obs. — Occurs in beds and veins, both in crystalline and uncrystalline rocks. It is often 
associated with pyrite, marcasite, blende, chalcopyrite, arsenopyrite, etc , in a gangue of 
quartz, calcite, barite, or fluorite, etc. ; also with cerussite, anglesite, and other salts of lead, 
which are frequent results of its alteration. It is also common with gold, and in veins of 
silver ores. Some prominent localities are : — Freiberg in Saxony, the Harz, Przibram and 
Joaohimsthal, Styria ; and also Bleiberg, and the neighboring localities of Carinthia, Sala in 
Sweden, Lendhills and the killas of Cornwall, in veins; Derbyshire, Cumberland, and the 
northern districts of England ; in Nertschinsk, East Siberia ; in Algeria ; near Cape of Good 
Hope ; in Australia ; Chili ; Bolivia, etc. 

Extensive deposits of this ore in the United States exist in Missouri, Illinois, Iowa, and 
Wisconsin. Other important localities are : — in New York , Rossie, St. Lawrence Co. ; 
Wurtzboro, Sullivan Co. ; at Ancram, Columbia Co. ; in Ulster Co. In Maine, at Lubec. In 
New Hampshire, at Eaton and other places. In Vennont, at Thetford. In Connecticut, at 
Middletown. In Massachusetts, at Newburyport, at Southampton, etc. In Pennsylvania, at 
Phenixville and elsewhere. In Virginia, at Austin’s mines in Wythe Co. , Walton’s gold mine 
in Louisa Co., etc. In Tennessee, at Brown’s Creek, and at Haysboro, near Nashville. In 
Michigan, in the region of Chocolate river, and Lake Superior copper districts, on the 
N. shore of L. Superior, in Neebing on Thunder Bay, and around Black Bay. In Cali- 
fornia, at many of the gold mines. In Nevada , abundant on Walker's river, and at Steam- 
boat Springs, Galena district. In Arizona , in the Castle Dome, Eureka, and other districts. 
In Colorado , at Pike's Peak, etc. 


OLAUSTHAIilTB. Seienblei, Germ. 

Isometric. Occurs commonly in fine granular masses ; some specimens 
foliated. Cleavage cubic. 

H.=2*5-3. G.=7*6-8*8. Lustre metallic. Color lead-gray, somewhat 
bluish. Streak darker. Opaque. Fracture granular and shining. 

Ooxnp., Var. — PbSe= Selenium 27*6, lead 72*4=100. Besides the pure selenide of lead, 
there are others, often arrangad as distinct species, which contain oobalt, copper, or mercury 
ill place of part of the lead, aud sometimes a little silver or iron. 
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Pyr.— Decrepitates in the closed tube. In the open tube gives aelenous fumes and a red 
sublimate. B.B. on charcoal a strong aelenous odor ; partially fuses. Coats the coal near 
the assay at first gray, with a reddish border (selenium), and later yellow (lead oxide) ; when 
pure entirely volatile ; with soda gives a globule of metallic lead. 

Obs. — Much resembles a granular galenite; but the faint tinge of blue and the B.B 
selenium fumes serve to distinguish it. 

Found at Clausthal, Tilkerode, Zorge, Lehrbach, etc., in the Harz; at Reinsberg in Sax- 
ony ; at the Rio Tinto mines, Spain ; Cacheufca mine, Mendoza , S. A. 

Zorgite and Lehrbachite occur with clausthalite in the Harz. Zorgite is a lead-copper 
telenide. Lehrbachite is a lead-mercury selenide. 

Behzelianite. — Cu 2 Se=Selenium 38 4, copper 61 '6=100. Color silver-white. From 
Sweden, aleo the Harz. 

Altaite. —Composition PbTe= Tellurium 38 3, lead 61*17. Isometric. Color tin-white. 
From Savodinski in the Altai ; Stanislaus mine, Cal. ; Red Cloud mine, Colorado ; Province 
of Coquimbo, Chill 

Tiemannite (Selenquecksilber, Germ.).— A mercury selenide, probably HgSe. Massive. 
Found in the Harz ; also California. 


BORNITE. Erubescite. Purple Copper Ore. Buntkupfererz, Germ. 

Isometric. Cleavage : octahedral in traces. Massive, structure granular 
or compact. 

H # =: 3. G.=4*4-5*5. LuBtre metallic. Color between copper-red and 

pinchbeck-brown; speedily tarnishes. Streak pale grayish black, slightly 
shining. Fracture small conchoidal, uneven, brittle. 

Oomp. — For crystallized varieties FeCu 3 S 3 , or sulphur 28 06, iron 16*36, copper 55*58=100. 
Other varieties are : Fe 2 Cu 3 S 4 , FeCu B S 3 , and so on. The ratio of R (Cu or Fe) to S has the 
values 5 : 4, 4 : 3, 8 : 2, 7 : 8 (Rammelsberg). Analysis, Collier, from Bristol, Ct. Sulphur 
25*83, copper 61*79, iron 11*77, silver tr. =1)9-39 (R : S=3 : 2). 

Pyr., etc. — In the closed tube gives a faint sublimate of sulphur. In the open tube yields 
sulphurous oxide, but gives no sublimate. B. B. on charcoal fuses in R. F. to a brittle mag- 
netic globule. The roasted mineral gives with the fluxes the reactions of iron and copper, 
and with soda a metallic globule. Soluble in nitric acid with separation of sulphur. 

Diff. — Distinguished by its copper-red color on the fresh fracture. 

Obs. — Found in the mines of Cornwall ; at Ross Island in Killamey, Ireland ; at Mount 
Catini, Tuscany ; in the Mansfeld district, Germany ; and in Norway, Siberia, Silesia, and 
Hungary. It is the principal copper ore at some Chilian mines ; also common in Peru, Boli- 
via, and Mexico. At Bristol, Conn., it has been found abundantly in good crystals. Found 
massive at Mahoopeny, Penn., and in other parts of the same State; also at Chesterfield, 
MasB. ; also in New Jersey. A common ore in Canada, at the Acton and other mines. 

Alabandite (Manganglanz, Germ .). — MnS = Sulphur 30*7, manganese 6341=100. Isomet- 
ric. Cleavage cubic. Color black. Streak green. From Transylvania, etc. 

GrOnauito. — A sulphide containing nickel, bismuth, iron, cobalt, copper. From 
Griinau. 


(b) Blende Group . Isometric ; tetrahedral. 

SPHALERITE or ZINC BLENDE. Black-Jack, Engl Miner*. 

Isometric: tetrahedral. Cleavage: dodecahedral, highly perfect. Twins: 
twinning-plane 1, as in f. 429. Also botryoidal, and other imitative shapes ; 
sometimes fibrous and radiated ; also massive, compact. 

H.=3-5-4. G.=3*9-4-2. 4-063, white, New Jersey. Lustre resinous 

to adamanite. Color brown, yellow, black, red, green ; white or yellow 
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when pure. Streak white — reddish-brown. Transparent — translucent. 

Fracture conchoidal. Brittle. 



Comp., Var. — ZnS=Sulphur 33, zinc 07=100. Bufc often having' part of the zinc replaced 
by iron, and sometimes by cadmium ; also containing in minute quantities, thallium, indium, 
and gallium. Var. 1. Ordinary. Containing little or no iron ; colors white to yellowish- 
brown, sometimes black ; G. =3 0-4*1. 2. Ferriferous ; Marmatite. Containing 10 p. c. oi 

more of iron; dark-brown to black ; G.=3*0-4*2. The proportion of iron sulphide to zinc 
sulphide varies from 1 : 5 to 1 : 2. 3. Cndmiferous ; Przibn unite. The amount of cadmium 
present in any blende thus l'ar analyzed is less than 3 per cent. Each of the above varieties 
may occur (a) in crystals; ( b ) firm, fibrous, or columnar, at times radiated or plumose ; (c) 
cleavable, massive, or foliated ; {d) granular, or compact massive. 

Pyr., etc. — In the open tube sulphurous fumes, and generally changes color. B B. on 
charcoal, in R.F., some varieties give at first a reddish-brown coating of cadmium oxide, and 
later a coating of zinc oxide, which is yellow while hot and white after cooling. With cobalt 
solution the zinc coating gives a green color when heated in O.F. Most varieties, after 
roasting, give with borax a reaction for iron. With soda on charcoal in R.F. a strong green 
zinc flame. Difficultly fusible. 

Dissolves in hydrochloric acid, during which sulphuretted hydrogen is disengaged. Some 
specimens phosphoresce when struck with a steel or by friction. 

Diff. — Generally to be distinguished by its perfect cleavage, giving angles of G0° and 120° ; 
by its resinous lustre, and also by its infusibility. 

Obs — Oceuis in both crystalline and sedimentary rocks, and is usually associated with 
galenite ; also with barite, chalcopyrite, fluorite, siderite, and frequently in silver mines. 

Derbyshire. Cumberland, and Cornwall, afford different varieties; also Transylvania; Hun- 
gary ; the Harz; Sahla in Sweden; Ratieborzitz in Bohemia; many Saxon localities. 
Splendid crystals in dolomite are found in the Binncnthal. 

Abounds with the lead ore of Missouri, Wisconsin, Iowa, and Illinois. In N. York, Sulli- 
van Co., near Wurtzboro’ ; in St. Lawrence Co., at Cooper’s falls, at Mineral Point; at the 
Ancram leud mine in Columbia Co. ; in limestone at Lockport and other places. In Mass., 
at Sterling ; at the Southampton lead mines ; at Hatfield. In N. Ilamp., at the Eaton lead 
mine ; at Warren, a large vein of black blende. In Maine , at the Lubec lead mines, etc. 
Jn Conn ., at Roxbury, and at Lane’s mine, Monroe. In N. Jersey, a white variety at Frank- 
lin. In Penn., at the Wheatley and Perkiomen lead mines ; near Friedensville, Lehigh Co. 
In Virginia , at Austin’s lead mines, Wythe Co. In Michigan , at Prince vein, Lake Superior. 
In Illinois , near Rosiclare ; near Galena, in stalactites, covered with pyrite, and galenite 
In Wisconsin, at Mineral Point. In Tennessee, at Haysboro’, near Nashville. 

Named blende because, while often resembling galena, it yielded no lead, the word in Ger 
man meaning blind or deceiving . Sphalerite is from <r<pa\cpos, treacherous. 


(c) Ohalcocite Group. Orthorhombic. 

HXZSSITB.* Tellursilber, Gei'm. 

Orthorhombic, and resembling chalcocite. Cleavage indistinct Mas 
sive ; compact or fine grained ; rarely coarse-granular. 


SULPHIDES, TELLURIDES, 8ELENIDE8, Era 


230 


H.=2-3*5. G.=8*3-S*6. Lustre metallic. Color between lead-gray 
and steel-gray. Sectile. Fracture even. 

Comp. — Ag 9 Te= Tellurium 37 2, silver 02*8=100. Silver sometimes replaced iu part by 
gold. 

Pyr.— In the open tube a faint white sublimate of tcllurous oxide, which B.B. fuses tu 
colorless globules. On charcoal fuses to a black globule ; this treated in It. F. presents on 
cooling white dendritic points of silver on its surface ; with soda gives a gl >bule of silver. 

Obs. — Occurs in the Alrai, in Siberia, in a talcoso rock ; at Nagyag in Transylvania, and at 
Retzbanya in Hungary ; Stanislaus mine, Calaveras Co., Cal.; lied Cloud mine, Colorado; 
Province of Coquimbo, Chili. 

Prtzite. — D iffers from hessiie in that gold replaces much of the Rilver. II. =2 5. G.= 

8 72-8 83, Petz ; 9 -9*4, Kiistel. Color between steel-gray and iron-black, sometimes with 
pavonine tarnish. Streak iron -black. Brittle. Analysis by Gentli, from Golden Itulo mine, 
tellurium 32*68, silver 41*8'?, gold 25*60 -- 10014. Occurs at Nagyng, Stanislaus mine, 
California, and several localities in Colorado. 

Tapai.pite (Tellurwismut hsilber). — Composition (Ramin.), AgaBi. J Te a S(Ag. J S + 2BiTe). 
Granular. Color gray. Sierra do Tapalpa, Mexico. 

AOANTHITE. 

Orthorhombic. /A / = 1 10° 54-' ; O A I t = 124° 42', Dauber ; /• :b:d 
= 1*4442 : 1-4523 : 1. O A 1 -t = 135° 10' ; O A 1 = 1 19° 42'. Twins : 
parallel to 1-t. Crystals usually slender-pointed prisms. Cleavage indis- 
tinct. 

H. = 2*5 or under. G.=7-ld-7-33. Lustre metallic. Color iron-black 
or like argentite. Fi*aeture uneven, giving a shining surface. Sectile. 

Oomp. — Ag-.S, or like argentite. Sulphur 12 9, silver 87*1 = 100. 

Pyr. — Same as for argentite, p. 235. 

Obs.— Found at Joachimsthal ; also near Freiberg in Saxony. 


CHALCOGITE. Chalcosine. Vitreous Copper. Copper Glance. Kupferglanz, Germ . 


Orthorhombic. I hi- 119° 35', 0 A l-l = 120° 57'; r\l\& = 1-6(570 : 
1-7176 : 1 ; O A 1 = 117° 24' ; O A 1 -l = 135° 52'. Cleavage : /, indistinct 
Twins : twinning-plane, I, producing hexagonal, or stellate forms (left half 



of f. 432) ; also |-i, a cruciform twin (f. 432), crossing at angles of 111 0 
and 69° ; f. 433, a cruciform twin, having O and I of one crystal parallel 
respectively to i-l and O of the other. Also massive, structure granular, 
or compact and impalpable 
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H.=2*5-3. G.=5-5-5*8. Lustre metallic. Color and streak blackish 
lead-gray : often tarnished blue or green ; streak sometimes shining. Frac- 
ture conchoidal. 

Oomp. — Cu 3 S= Sulphur 20*2, copper 79 *8=100. 

Fyr,, etc. — Yields nothing volatile in the closed tube. In the open tube gives off sulphur- 
ous fumes. B.B. on charcoal melts to a globule, which boils with spirting; with soda it 
reduced to metallic copper. Soluble in nitric acid. 

Obs. — Cornwall affords splendid crystals. The compact and massive varieties occur in 
Siberia, Hesse, Saxony, the Bunat, etc. ; Mt. Catini mines in Tuscany ; Mexico, Peru. 
Bolivia, Chili. 

In the United States, it has been found at Bristol, Conn., in large and brilliant crystals. 
In Virginia, in the United States copper mine district, Orange Co. Between Newmarket and 
Taneytown, Maryland. In Arizona, near La Paz ; in N. W. Sonora. In Nevada, in Washoe, 
Humboldt. Churchill, and Nye Cos. 

Harrisite of Shepard, from Canton mine, Georgia, is chalcocite with the cleavage of 
galenite (pseudomorphous, Genth). 


STROMEYERITE, Silberkupferglanz, Germ . 

Orthorhombic: isomorphous with chalcocite. 1 A /= 119° 35'. Also 
massive, compact. 

Il.=2*5-3. G.=62-6*3. Lustre metallic. Color dark steel-gray. 

Streak shining. Fracture subcon choi dal. 

Oomp. — AgCuS=Ag 3 S-4-Cu 3 S=Sulphur 157, silver 53’1, copper 31 ’2-100. 

Pyr., eto. — Fuses, but gives no sublimate in the closed tube. In the open tube sulphurous 
fumes. B.B. on charcoal in O.F. fuses to a semi-malleable globule, which, treated with the 
fluxes, reacts strongly for copper, and cupeUed with lead gives a silver globule. Soluble in 
nitric acid. 

Obs, — Found at Schlangenberg, in Siberia ; at Rudelstadt, Silesia ; also in Chili ; at Com- 
bavalla in Peru ; at Heintzelman mine in Arizona. 

Sternbkrgite* — An iron-silver sulphide, AgFe y S 3 . J ohanngeorgenstadt and JoachimsthaL 


(d) Pyrrhotite Group . Hexagonal. 


Hhombohedral. 
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OINNABAR. Zinnober, Germ. 

R A R = 92° 36', R/\0 = 127° 6' ; c = M448. Ac- 
cording to DesCloizeaux, tetartohedral, like quartz. 
Also granular, massive ; sometimes forming super- 
ficial coatings. 

Cleavage: /, very perfect. Twins: twinning- 
plane O. 

H=2-2*5. G=8*998, a cleavable variety from 
Neumarktel. Lustre adamantine, inclining to metal- 
lic when dark-colored, and to dull id f liable 
varieties. Color cochineal-red, often inclining to 
brownish-red and lead-gray. Streak scarlet, sub 
transparent, opaque. Fracture subconchHdal. un- 
even. Sectile. Polarization circular. 


Oomp — HgS (or Hg,S>)= Sulphur 13*8, mercury 86*8=100. Sometimes import from clay 
iron sesquioxide, bitumen. 
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Pyr . — In the closed tube a black sublimate. Carefully heated in the open tube gives sul 
phurous fumes and metallic mercury, condensing in minute globules on the cold walls of the 
tube. B.B. On charcoal wholly volatile if pure. 

Obs. — Cinnabar occurs in beds in slate rocks and shales, and rarely in granite or porphyry. 
It has been observed in veins, with ores of iron. The most important European beds of this 
ore are at Almaden in Spain, and at Idria in Camiola. It occurs at Iteichcnau and Windiscli 
Kappel in Carinthia ; in Transylvania; at Bipa in Tuscany; at Sehenmitz in Hungary; in 
the Urals and Altai ; in China abundantly, and in Japan ; Son Onofre and elsewhere in Mexico ; 
in Southern Peru ; forming extensive mines in California, in the coast ranges the principal 
mines are at New Almaden and the vicinity, in Santa Clara Co. Also in Idaho, in limestone, 
abundant. 

This ore is the source of the mercury of commerce, from which it is obtained by sublima 
tion. When pure it is identical with the manufactured vermilion of commerce. 

Metacinnaiiaiute (Moore ). — A black mercury sulphide (HgS). liarely crystallized 
H. — 3. G.— 7*75. Lustre metallic. Hedington mine, Lake Co., Cal. 

Guadalcazakite. — E ssentially HgS, with part (./*■) of the sulphur replaced by selenium, 
and part of the mercury replaced by zinc (Hg : Zn=C : 1, Petersen ; — 12 : 1, Ramin.). Massive. 
Color deep black. Guadalcazar, Mexico. Leviglianite is a ferruginous variety from 
Levigliani, Italy. 


MILLERITJE!.* Capillary Pyrites. Haarkies ; Nickelkies, Germ. 

Rhombohedral. R A R = 144° 8', Miller, c = 0*32955. 0,\li = 159° 10'. 

Cleavage: rhombohedral, perfect. Usual in capillary crystals. Also in 
columnar tufted coatings, partly semi-globular and radiated. 

II. = 3-3*5. G. = 4*6-5*65. Lustre metallic. Color brass-yellow, inclin- 
ing to bronze-yellow, with often a gray iridescent tarnish. Streak bright. 
Brittle. 

Comp.— NiS= Sulphur 35 6, nickel 64 4 =100. 

Pyr., etc. — In the open tube sulphurous fumes. B. B. on charcoal fuses to a globule. When 
roasted, gives with borax and salt of phosphorus a violet bead in O.F., becoming gray in R. V. 
from reduced metallic nickel. On charcoal in R.F. the roasted mineral gives a coherent 
metallic mass, attractable by the magnet. Soluble in nitric acid. 

Oba. — Found at Joachimsthal ; Przibram ; Itiechelsdorf ; Andreasberg; several localities 
in Saxony ; Cornwall. 

Occurs at the Sterling mine, Antwerp, N. Y. ; in Lancaster Co., Pa., at the Gap mine; 
with dolomite, and penetrating calcite ciystals, in cavities in limestone, at St. Louis, Mo. 

BRYKicniTE ( Liebe). — Formula NiiS 7 =Sulphur 43*0, nickel 50*4=100. Color lead-gray. 
Oocur8 in radiated groups with millerite in the Westerwald. 


PYHRHOT1TE. Magnetic Pyrites. Magnetkies, Germ. 


Hexagonal. O A 1 = 135° 8' ; c = 0*862. Twins 
(f. 435). Cleavage : O , perfect ; /, less so. Commonly 
massive and amorphous; structure granular. 

H.=3*5-4*5. G. =4*4-4*68. Lustre metallic. 
Color between bronze-yellow and copper-red, and 
subject to speedy tarnish. Streak aark grayish- 
black. Brittle. Magnetic, being attractable in 
fine powder by a magnet, even when not affecting 
an ordinary needle. 


twinning-plane 1 


435 



Comp. — (1) Mostly FeiS8=Salphur 39*5, iron 60*5=100 ; but varying to Fe^S B ,Feo8io and 
F sioSu . Some varieties contain 3-6 p. c. nickel, Horbachite contains (Wagner) 12 p. c. Ni. 
Pyr-, etc. — Unchanged in the closed tube, la the open tube gives sulphurous oxide. Os 
16 
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charcoal in R.F. fuses to a black magnetic mass ; in O.F. is converted into iron sesquiDxida, 
which with duxes gives only an iron reaction when pure, but many varieties yield small 
amounts of nickel and cobalt. Decomposed by muriatic acid, with evolution of sulphuretted 
hydrogen. 

Dift. — Distinguished by its magnetic character, and by its bronze color on the fresh fracture. 

Obs. — Occurs in Norway ; in Sweden ; at Andreasberg ; Bodenmais in Bavaria ; N. Tagilsk ; 
in Spain ; the lavas of Vesuvius ; Cornwall. 

In N. America, in Vermont, at Stafford, Corinth, and Shrewsbury ; in many parts of 
Massachusetts; in Connecticut, in Trumbull, in Monroe ; in N. York, near Natural Bridge 
in Diana, Lewis Co. ; at O’Neil mine and elsewhere in Orange Co. In N. Jersey, Morris Co., 
at Hurdstown. In Pennsylvania, at the Gap mine, Lancaster Co. , niccoliferous. In Tennes- 
see, at Ducktown mines. In Canada, at St. Jerome ; Elizabethtown, Ontario (f. 4:15), etc. 

The niccoliferous pyrrhotite is the ore that affords the most of the nickel of commerce. 

Troilite. — A ccording to the latest investigations of J. Lawrence Smith, composition 
FeS, iron proto-sulphide ; that is, iron 63*6, sulphur 36*4=100. Occurs only in iron meteor- 
ites. Daubui:kmtk (Smith). — Composition Cr 2 S 3 . Observed in the meteoric iron of Northern 
Mexico ; occurring on the borders of troilite nodules. Similar to ah epar elite, Haidingei 
<= achreiberaite , Shepard), described by Shepard (1846) as occurring in the Bishopville, S. C., 
meteoric iron. 

Sciiheiheksite also solely a meteoric mineral. Contains iron, nickel, and phosphorus. 

Wuutzite (Spiauterite). — ZnS, like sphalerite, but hexagonal in crystallization. Bolivia. 


OREENOCKITE. 

Hexagonal ; hcmimorpliic. O A 1 = 136° 24' ; c = 0*8247. Cleavage: 
7, distinct; O , imperfect. 

lL=3-3*5. Gr.— 4*8— 4*999. Lustre adamantine. Color honey-yellow; 
citron-yellow ; orange-vcllow — veined parallel with the axis ; bronze- 
yellow. Streak-powder between orange-yellow and brick red. Nearly 
transparent. Strong double refraction. Not thermoelectric, Breithaupt. 

Oomp. — CdS (or CdaS 3 )=Sulphnr 22 2, cadiura 77'8. 

Pyr., etc.— In the closed tube assumes a carmine-red color while hot, fading to the original 
yellow on cooling. In the open tube gives sulphurous oxide. B.B. un charcoal, either alone 
or with soda, gives in R.F. a reddish-brown coating. Soluble in hydrochloric acid, evolving 
sulphuretted hydrogen. 

Obs.— Occurs at Bishoptown, in Renfrewshire, Scotland ; also at Przibram in Bohemia ; 
on sphalerite at the Ueberoth zinc mine, near Friedensville. Lehigh Co., Pa., and at Granby, 
Mo. 


NIOOOUTE. Copper Nickel. Kupfernickel, Rothnickelkies, Germ. 

Hexagonal. O Al = 13°6 35'; c : 0*81944. Usually massive, structure 
nearly impalpable ; also reniform with a columnar structure ; also reticu- 
lated and arborescent. 

H.=5-5*5. Gr.=7*33-7'671. Lustre metallic. Color pale copper-red, 
with a gray to blackish tarnish. Streak pale brownish-black. Opaque. 
Fracture uneven. Brittle. 

Oomp. — NiAs (or Ni, As,) = Arsenic 56 '4, nickel 43*6=100; sometimes part of the arsenic 
replaced by antimony. 

Pyr., etc. — In the closed tube a faint white crystalline sublimate of arsenous oxide. In the 
open tube arsenous oxide, with a trace of sulphurous oxide, the assay becoming yellowish- 
green. On charcoal gives arsenical fumes and fuses to a globule, which, treated with borax 
gloss. affords, by successive oxidation, reactions for iron, cobalt, and nickel. Soluble in 
nitro-hydrochlorie acid. 

Diff — Distinguished by its oolor from other similar sulphides, as also by its pyrognoetioa, 
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Obs. — Occurs at several Saxon mines, also in Thuringia, Hesse, and Styria, and at Alle- 
mont in Dauphiny ; occasionally in Cornwall ; Chili ; abundant at Mina de la Rioja, in the 
Argentine Provinces. Found at Chatham, Conn., iu gneiss, associated with smaltite. 

Bukituauptite. — Composition NiSb=Autimony 07 8, nickel 32*2=100. Color light 
copper-red. Andreasberg. 

Ahite. — An antimoniferous niocolite, containing 28 p. c, Sb. Bosses-Py rentes ; Wolfaoh. 
Baden. 


0. DEUTO ok PYR1TE DIVISION.* 


(a) Pyrite Group . 

PYRITE.* Iron Pyrites. Schwefelkies, Eisenkies, Germ. 

Isometric; pyritohedral. The cube the most, common form; the pyrito- 
hedron, f. 92, p. 23, and related forms, f. 94, 95, 90, also very common. 
See also f. 103, 104, 105, p. 24. Cubic laces often striated, with st, nations 
of adjoining faces at right angles, and due to oscillatory combination of the 
cube and pyritohedron, the strhu having the direction of the edges between 
O and i-2. Crystals sometimes acicular through elongation of cubic and 
other forms. Cleavage : cubic and octahedral, more or less distinct. Twins: 
twiniug-plane /, f. 270, p. 93. Also reniform, globular, stalactitic, with a 
crystalline surface; sometimes radiated subfi broils. Massive. 


4:?0 437 438 



Bossie. 


II. =6—0-5. G.=4*83-5’2. Lustre metallic, splendent to glistening. 

Color a pale brass-yellow, nearly uniform. Streak greenish or brownish* 
black. Opaque. Fracture conchoidal, uneven. Brittle. Strikes fire with 
steel. 

Comp., Var.— FeS a = Sulphur 53 3, iron 40*7=100. Nickel, cobalt, and thallium, and also 
copper, sometimes replace a little of the iron, or else occur as mixtures ; and gold is some- 
times present, distributed invisibly through it. 

Pyr., etc. — In the closed tube a sublimate of sulphur and a magnetic residue. B.B. on 
charcoal gives off sulphur, burning with a blue ilame, leaving a residue which reacts like 
pyrrhotite. Insoluble in hydrochloric acid, but decomposed by nitric acid. 

DifF. — Distinguished from chalcopyrite by its greater hardness, since it cannot be cut with 
a knife ; as also by its pale color ; from marcasite by its specific gravity and color. Not 
malleable like gold 

Obs. — Pyrite occurs abundantly in rocks of all ages, from the oldest crystalline rooks to the 
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most recent alluvial deposits. It usually occurs in small cubes, also in irregular spheroidal 
nodules and in veinB, in clay slate, argillaceous sandstones, the coal formation, etc. The 
Cornwall mines, Alston-Moor, Derbyshire, Fahlun in Sweden, Kongsberg in Norway. Elba, 
Travcrsella in Piedmont, Peru, are well known localities. 

Occurs in New England at many places : as the Vernon slate quarries ; Roxbury, Conn. , etc. 
In N. York, at Itossie, at Schoharie; in Orange Co., at Warwick and Deerpark, and many 
other places. In Pennsylvania, at Little Britain, Lancaster Co. ; at Chester, Delaware Co ; 
in Carbon, York, and Chester Cos. ; at Cornwall, Lebanon Co., etc. In Wisconsin* near 
Mineral Point. In N. Car., near Greensboro’, Guilford Co. Auriferous py rite is common at 
the mines of Colorado, and many of tho«e of California, as well as in Virginia and the States 
south. 

ThiH species affords a considerable part of the iron sulphate and sulphuric acid of commerce 
and also much of the sulphur and alum. The auriferous variety is worked for gold in many 
gold regions. 

The name pyrite is derived from fire, and alludes to the sparks from friction. 

Hauioiutu.— Composition MnS a = Sulphur 53*7, manganese 40*3=100. Isometric. Color 
reddish-brown. Kalinka, Hungary. 


CHALOOPYRITE,* Copper Pyrites. Kupferkies, Germ. 

Tetragonal ; tetrahedral. O A 1-t = 135° 25'; c = 0*98556 ; O A 1 = 125° 
40' ; 1 A 1, pyr., = 109° 53' ; 1 A 1 (f. 440) = 71° 20' and 70° 7'. Cleav- 
age : 2-i sometimes distinct; O , indistinct. Twins: twinning-plane 1-i; 
the plane 1 (see p. 94). Often massive. 

430 440 441 




JI.=3*5-4. G.r=4*l-4 - 3. Lustre metallic. Color brass-yellow ; subject 
to tarnish, and often iridescent. Streak greenish-black — a little shining. 
Opaque. Fracture eonchoidal, uneven. 


Comp.— CuFeS a = Sulphur 34*9, copper 34 6, iron 30*5=100. Some analyses give other 
proportions ; bub probably from mixture with pyrite. There are indefinite mixtures of the 
two, and with the increase of the latter the color becomes paler. 

This Bpecies, although tetragonal, is very closely isomorphous with pyrite, the variation 
from the cubic form being slight, the vertical axis being 0*98550 instead of 1. 

Traces of selenium have been noticed by Kersten in an ore from Reinsberg near Freiberg. 
Thallium is also present in some kinds, and more frequently in this ore than in pyrite. 

Pyr., etc. — In the closed tube decrepitates, and gives a sulphur sublimate ; in the open 
tube sulphurous oxide. B.B. on charcoal gives sulphur fumes and fuses to a magnetic glo 
bule. The roasted ore reacts for copper and iron with the fluxes ; with soda on charcoal 
gives a globule of metallic iron with copper. Dissolves in nitric acid, excepting the sulphur, 
and forms a green solution ; ammonia in excess changes the green color to a deep blue. 

Diff. — Distinguished from pyrite by its inferior hardness, it can be easily scratched with 
the knife ; and by its deeper color. Not malleable like gold, from which it differs also in 
being decomposed by nitrio acid. 
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Ob*. — Cbalcopyrite is the principal ore of iropper at the Cornwall mines. Occurs at Fm« 
berg ; in the Bannnt ; Hungary ; and Thuringia ; in Scotland ; in Tuscany ; in South Australia; 
in line crystals at Cerro Blanco, Chili. 

A common mineral in America, some localities arc : Stafford, Vt. ; Rossio, Ellenville. X. Y.; 
Pheuixville, etc., Penn. The mines in North Carolina and eastern Tennessee afford large 
quantities. Occurs in Cal , in different mines along a belt between Mariposa Co. and l>rl XorU 
Co., on west side of, and parallel to, the chief gold belt; occurring massive in Calaveras Co.; 
in Mariposa Co., etc. In Canada, in Perth and near Sherbrooke; extensively mined at 
Bruce mines, on Lake Huron. 

Named from x aA * n b brass. and pyrites, by Henckcl, who observes in his Pyritology (1725) 
that cbalcopyrite is a good distinctive name for the ore. 

Cuhanitk is CuFe 9 S 4 , or CuFe 9 S a (Scheidhauer). — Occurs massive at Barracanao, Cuba; 
Tunaberg, Sweden. 

Bakmiaudtite, from North Carolina. — Composition uncertain, perhaps Cu.FojS*. It may 
be partly altered from chalcopyrite. 

Stannitk (Ziunkies, Germ .). — A sulphide containing 20 p. c. tin; also copper, iron, nnd 
sino. Massive. Color steel-gray. Childly from Cornwull, also Ziunwald. 


LINN2EITE. Kobaltnickelkies, Germ. 

Isometric. Cleavage: cubic, imperfect. Twins: t winning-plane octa- 
hedral. Also massive, granular to compact. 

II. = 5 5. G. = 4*8-5. Lustre metallic. Color pale steel-gray, tarnishing 
copper-ml. Streak blackish-grav. Fracture uneven or subconehoidal. 

Comp — Co s S 4 (or 2CoS f Co8 a )= Sulphur 42 0, cobalt 58*0=100; but having the cobalt 
replaced partly by nicked or copper, the proportions varying very much. The Mason ore 
(sief/eaite) contains 30-40 p. c. of nickel. 

Pyr., etc — The variety from Mason gives, in the closed tube, a sulphur sublimate ; in the 
open tube, sulphurous fumes, with a faint sublimate of arsenous oxide. B.li. on oJiureoal 
gives arsenical and sulphurous odors, and fuses to a magnetic globule. The roasted minei.ol 
gives with the lluxes reactions for nickel, cobalt, and iron. Soluble in nitric acid, with separa- 
tion of sulphur. 

Diff. —Distinguished by its color, and isometric crystallization. 

Ob3 — In gneiss, at Bastimes, Sweden; at Miisen, near Siegen, in Prussia; at Siegen 
( sieyeuite ), in octahedrons; at Mine la Motte, in Missouri, mostly massive, also crystalline' 
and at Mineral Hill, in Maryland. 


SMALTITE.* Speiskobolt, Germ. 

Isometric. Cleavage: octahedral, distinct ; cubic, in traces. Also mas- 
sive and in reticulated and other imitative shapes. 

II. = 5*5-6. G. = 6*4 to 7*2. Lustre metallic. Color tin-white, inclining, 
when massive, to steel gray, sometimes iridescent, or grayish from tarnish. 
Streak grayish-black. Fracture granular and uneven, lirittle. 

Comp., Var. — For typical kind (Co.Fe,Ni)Asj = (if Co, Fe, and Ni be present in equal 
ports) Arsenic 72 T, cobalt 9 '4, nickel 9 0, iron 9*0=100. It is probable that nickel is never 
wholly absent, although not detected m some of the earlier analyses ; and in some kinds it is 
the principal metal. The proportions of cobalt, nickel, and iron vary much. 

The following analyses will serve os examples of the different varieties : 

As Co Ni Fe Cu 

1 . Schneeberg 70*37 13 95 1 79 1171 1 39 8 0*60, Bi 0*01 ^99*88 Hofmann. 

2. Allemont ( eftloa a thite) 71*11 18 71 <1*82 S 2*29=98*93 Ram melsberg. 

8. Riechelsdorf 60*42 10 80 25*87 0*80 8 271 = 100. 

4. Schneeberg 74 80 3 79 12*80 7 *33 S 0*85 =99 *63 Karstedt, 
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Fyr., etc. — In the close tube gives a sublimate of metallic arsenic ; in the open tube a 
white sublimate of arsenous oxide, and sometimes traces of sulphurous oxide. B.B. on char- 
coal gives an arsenical odor, and fuses to a globule, which, treated with successive portions 
of borax-glass, affords reactions for iron, cobalt, and nickel. 

Obs. — Usually occurs in veins, accompanying ores of cobalt or nickel, and ores of silver 
and copper ; also, in some instances, with niccolite and arsenopyrite ; often having a coating 
of aunabergite. 

Occurs at Schneeberg, etc., in Saxony ; at Joachimsthal ; also at Wheal Sparoon in Corn- 
wall ; at Biechelsdorf in Uesse ; at Tunaberg in Sweden ; Allemont in Dauphine. AIkj in 
crystals at Mine La Motte, Missouri. At Chatham, Conn. , the chloantkite ( chathamite ) occurs 
in mica Blate, associated gcnernlly with arsenopyrite and sometimes with niccolite. 

Spatiiiopvrite is closely allied to smaltite, with which it occurs at Bieber in Hessen. 

Skuttekudite (Tesseralkies, Germ.). — CoAs*= Arsenic 79 2, cobalt 20 8= 100. Isometric. 
Skutterud, Norway. 


COBALTITE. Glance Cobalt. Kobaltglanz, Germ. 

Isometric ; pyri tolled ral. Commonly in pyritohedrons (f. 92, 95, etc., 
p. 23). Cleavage : cubic, perfect, rlanes O striated. Also massive, 
granular or compact. 

II. — 5*5. G.= 0-0*3. Lustre metallic. Color silver-white, inclined to 

red ; also steel-gray, with a violet tinge, or grayish-black when containing 
much iron. Streak grayish-black. Fracture uneven and lamellar. Brittle. 

Comp., Var. — CoAsS (or CoS 3 4 CoAs ) = Sulphur 19*8, arsenic 45*2, cobalt 85 5=:100. The 
cobalt is sometimes largely replaced by iron, and sparingly by copper. 

Pyr., etc. — Unaltered in the closed tube. In the open tube, gives sulphurous fumes and 
a crystalline sublimate of arsenous oxide. B.B. on charcoal gives off sulphur and arsenic, 
and fuses to a magnetic globule ; with borax a cobalt-blue color. Soluble in warm nitric acid, 
•eparating arsenous oxide and sulphur. 

Difi— Distinguished by its reddish-white color; also by its pyritohedral form. 

Obs. — Occurs at Tunaberg. Hokansbd, in Sweden ; also at Skutterud in Norway. Other 
localities are at Querbach in Silesia, Siegen in Westphalia, and Botallack mine, in Cornwall. 
The most productive mines are those of Vena in Sweden. 

This species and smaltite afford the greater part of the smalt of commerce. It is also 
employed in porcelain painting. 


GERSDORFFITE. Nickelarsenikkies, Arseniknickelglanz, Germ. 

Isometric ; pyritohedral. Cleavage : cubic, rather perfect. Also lamel- 
lar and granular massive. 

H.=5-5. G.=5.6-6*9. Lustre metallic. Color silver-white — steel- 
gray, often tarnished gray or grayish-black. Streak grayish-black. Frac- 
ture uneven. 

Comp., Var. — Normal, NiAsS (or NiS a + NiAs* ) = Arsenic 45*5, sulphur 19*4, nickel 35 1 = 
100. The composition varies in atomic proportions rather widely. 

Pyr., etc. — In the olosed tube decrepitates, and gives a yellowish-brown sublimate of 
arsenic sulphide. In the open tube yields sulphurous fumes, and a white sublimate of arsen- 
ous oxide. B.B. on charcoal gives sulphurous and garlic odoTS and fuses to a globule, which, 
with borax-glnsB, gives at first an iron reaction, and, by treatment with fresh portions of tho 
flux, cobalt and nickel tire successively oxidized. 

Decomposed by nitric acid, forming a green solution, with reparation of sulphur and arsen- 
ous oxide. 

Obs.— Occurs at Loos in Sweden ; in the Harz ; at Schladming in Styria ; Kamsdorf in 
Lower Thuringia; Haueisea, Voigtland ; near Ems. Also found as an incrustation at 
Phenixville, Pa. 
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Ullmannite. — NiSbS (NiS 3 d-NiSb 3 )= Antimony 57*2, sulphur 151, nickel 277=100. 
Generally contains also some arsenic. Color steel-gray. Siegon, llarzgerode, etc. 

Corynite. — Ni(As,Sb)S, but the arsenic (38 p. c. ) in excess of the antimony. Olsa, Corin* 
thia. Wolf aciiite (Petersen), from Wolfaoh, Baden, is similar in composition, bub if 
orthorhombic in form. 

Laukite. — An osmium-ruthenium sulphide. Analysis (Wohler) Sulphur 31 '70 [Osmium 
8*03], Ruthenium 05.18=100. Occurs in minute octahedrons from the plutinum-woshltga 
of Borneo ; os also those in Oregon. 


(J) Jl farcasite Group. Orthorhombic. 


MAROASITB. White Iron Pyrites. Strahlkies, etc., Germ . 

Orthorhombic. 1 A /= 100° 5', O A 1-1 — 122° 2G', Miller ; i : 1 / : d =s 
1-5737 : 1*3287 : 1. O Al = 110° 55' ; 6>A14 
= 130° 10'. Cleavage: / rather perfect; 14 
in traces. Twins: twinning-plane 7, sometimes 
consisting of iive individuals (sec f. 308, p. 98); 
also 14. Also globular, reniform, and other 
imitative shapes — structure straight columnar; 
often massive, columnar, or granular. 

II. = 6-0 5. U.=4-G78-4*847. Lustre metallic. Color pale bronze-yel- 
low, sometimes inclined to green or gray. Streak grayish- or brownish- 
black. Fracture uneven. Brittle. 

Comp., Var. — FeSj, like pyrite= Sulphur 53*3, iron 40 7=100. 

The varieties that have been recognized depend mainly on state of crystallization; as the 
Radiated (Strablkies ) : Radiated; also the simple crystals. Cockscomb (Kuinmlcics) : Aggre- 
gations of flattened crystals into crest-like forms. Spear (Sjwcrkirs ) : Twin crystals, with 
reeuter«ng angles a little like the head of a spear in form. Capillary ( llaarkks ) : in capil- 
lary crystallizations, etc 

Fyr. — Like pyrite. Very liable to decomposition ; more so than pyrite. 

Diff. — Distinguished from pyrite by its paler color, especially marked on a fresh surface ; 
by its tendency to tarnish ; by its inferior specific gravity. 

Oba. — Occurs near Carlsbad in Bohemia ; at Joachirnsthal, and in several parts of Saxony ; 
in Derbyshire ; near Alston Moor in Cumberland ; near Tavistock in Devonshire, und in 
Cornwall. 

At Warwick, N Y. Massive fibrous varieties abound throughout the mica slate of New 
England, particularly at Cummington, Mass. Occurs at Lane’s mire, in Monroe, Conn ; in 
Trumbull ; at East Haddara ; at Haverhill, N. H. ; Galena, 111., in stalactites In Cunada in 
Neebing. 

Marcasite is employed in the manufacture of sulphur, sulphuric acid, and iron sulphate, 
though less frequently than pyrite. 



ARSZ2NOPY RATE, or MISPICKEL. Arsenical Pyrites. Arsenikkies, Germ. 

Orthorhombic. 1 A /= 111° 53', O A 1-t =r 119° 37' ; c : l : & = 1*7588 : 
14703 : 1. Oa 1 = 115° 12', O A 14 =130° 4'. Cleavage: I rather 
distinct ; O , faint traces. Twins : t\v inning-plane /, and 1 %. Also colum- 
nar, straight and divergent ; granular, or compact. 

H.-=5'5-G. G.=6*0-6*4; 6*2G9, Franconia, Kenngott. Lustre metallic. 
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Color silver- white, inclining to steel-gray. Streak dark grayish-black. Frao 
fcure uneven. Brittle. 



Comp., Var. — FeAsS =FeS 3 +FeAs 2 = Arsenic 40 *0, sulphur 1 9 ’6, iron 34 ‘4= 1 00 . Part of 
the iron sometimes replaced by cobalt ; a little nickel, bismuth, or silver are also occasionally 
present. The cobaltic variety, called danaite (after J. Freeman Dana), contains 4-10 p. c. of 
cobalt. 

Pyr., etc. — In the closed tube at first gives a red sublimate of arsenic sulphide, then a 
black lustrous sublimate of metallic arsenic. In the open tube gives sulphurous fumes and a 
white sublimate of arsenous oxide. B.B. on charcoal gives the odor of arsenic. The varieties 
containing cobalt give a blue color with borax -glass when fused in O.F. with successive por- 
tions of flux until all the iron is oxidized. Gives fire with steel, emitting an alliaceous odor. 
Decomposed by nitric acid with separation of arsenouB oxide and sulphur. 

Diff. — Distinguished by its form from smaltite. Lcueopyrite (lollingite) do not give 
decided sulphur reactions 

Obs. — Found principally in crystalline rocks, and its usual mineral associates art' ores of 
silver, lead, and tin ; pyrite, chalcopyrite, and spalerite. Occurs also in serpentine. 

Abundant at Freiberg ; at Iteichenstein in Silesia ; at Schladming; Andrejisberg ; .Toachims- 
thal ; at Tunaberg in Sweden ; at Skutterud in Norway ; in Cornwall ; in Devonshire at the 
Tamar mines. 

In JVrto Hampshire^ in gneiss, at Franconia ( danaite 1 , also at Jackson and at Haverhill. 
In Maine, at Blue Hill, Corinna, etc. In Vermont, at Brookfiild. Waterbary, and Stockbridge. 
In Mas*., at Worcester and Sterling. In Conn . , at Monroe, at Mine Hill, lloxbury. In AV/a 
» Terney, at Franklin. In N. York, massive, in Lewis, Essex Co., near Edenville. and else- 
where in Orange Co. ; in Carmel; in Kent, Putnam Co. In California. Nevada Co., Grass 
valley. In S. America, in Bolivia; also, niccolif mut var. , between La Pas and Ynngas in 
Bolivia (anal, by Kroober). 

Lolmnoitk is FeAs a (=Arsenic 728, iron 272), and Leucopyritf is I-V...AS-, (-Arsenic 
06*8, iron 33*2). They are both like arscnopvrite in form. Found, the former at Lolling ; 
Schladming; Satersberg, near Fossum, Norwuy ; the latter at Iteichenstein ; Cejer tgeyorite) 
near lliittenberg, Carinthia. 

Gladcodot (Co,Fe)S a -MCo,Fe)Asa, with Co : Fe=2 : 1 = Sulphur 19*4, arsenic 45*5, cobalt 
23 *8, iron 1 1*3 ^=100. Form like arsenopyrite. Huasoo, Chili ; Hakansbo, Sweden. 

Alloclabitk R 4 (As,Bi) 7 S 0 , with R— Bi,Co,Ni,Fe,Zn. Orawicza, Hungary. 


SYLVANITE. Graphic Tellurium. Schrifterz, Schrift- Tellur, Germ. 

Monoclinic. C= 55° 21 J', I A /= 94° 2G', O A 1-i = 121° 21' ; c\b\ 
d = 1*7732 : 0*889 : 1, Koksclmrof. Cleavage : i-i distinct. Also massive ; 
imperfectly columnar to granular. 

H.=l*5-2. G. = 7*99-8 , 33. Lustre metallic. Streak and color pure steel- 
gray to silver-white, and sometimes nearly brass-yellow. Fracture uneven. 

Comp., Var.— (Ag,Au)Te* = (if A g : Au=l : 1) Tellurium 55*8, gold 28-5, silver 15 '7=1 00t 
Antimony sometimes replaces part of the tellurium, and lead part of the other metals. 
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Pyr., etc.— In the open tube gives a white sublimate which near the assay is gray ; when 
treated with the blowpipe flame the sublimate fuses to clear transparent drops. B.B. on 
charcoal fuses to a dark gray globule, covering the coal with a white coating, which treated 
in R.F. disappears, giving a. bluish-green color to the flame; after long blowing a yellow, 
malleable metallic globule is obtained. Most varieties give a faint ooating of the oxides oi 
lead and antimony on charcoal. 

Obs.— Occurs at Offenbanya and Nagyag in Transylvania. In California, Calaveras Co. , at 
the Melones and Stanislaus mines ; Red Cloud mine, Colorado. 

Named from Transylvania, the country in which it occurs, and in allusion to st/lntnium, one 
of the names at first proposed for the metal tellurium. Called graphic because of a resem- 
blance in the arrangement of the crystals to writing characters. 

Schrauf has stated that, according to his measurements, sylvanite is orthorhombic. 

Calaverite ( Genth .) has the composition AuTe 4 = Tellurium 55 5, gold 44*5—100. Mas- 
sive. Color bronze-yellow. Stanislaus mine, CaL ; Red Cloud mine, Colorado. 

NAGYAGITE.* Bliittererz, Blatterteliur, Germ. 

Tetragonal. O A 1 -i = 127° 37' ; c = 1*298. O A 1 
age: basal. Also granularly massive, particles of 
various sizes ; generally foliated. 

H.=l--1*5. G.=6*S5-7‘2. Lustre metallic, splen- 
dent. Streak and color blackish lead-gray. Opaque. 

Sectile. Flexible in thin laminae. 

Comp. — Uncertain, perhaps R(S,Te) a , with R— Pb, Au (Ramm.). Analysis, Schimluin, Te 
30*52, S 8*07, Pb 50*78. Au O il, Ag 0*53, Cu ODD -100. 

Pyr., etc. — In the open tube gives, near the assay, a grayish sublimate of anti mount e and 
tellurate, with perhaps some sulphate of lead ; farther up the tube the sublimate consists of 
antimonous oxide, which volatilizes when treated with the flame, and tellurous oxide;, which 
at a high temperature fuses into colorless drops. B.B. on charcoal forms two coatings : one 
white and volatile, consisting of a mixture of antimonite, tellurite, and sulphate of lead ; and 
the other yellow, less volatile, of oxide of lead quite near the assay. If the mineral is treated 
for some time in O.F. a malleable globule of gold remains; this cupelled with a little assay 
lead assumes a pure gold color. Decomposed by iiitro-hydrochlorio acid. 

Obs. — At Nagyag and Offenbanya in Transylvania, in foliated masses and crystalline plates. 

Coveli.it e (Kupferindig, Germ.). — Composition CuS Sulphur 33*5, copper IW»*5 100. 

Hexagonal. Commonly massive. Color indigo-blue. ManslVld, etc.; Vesuvius, on lava; 
CiiiU. 

Melonite {Genth.). — A nickel telluride, formula probably NCTe* tellurium 7tW5, nickel 
23v)=:10(). Hexagonal. Cleavage basal eminent. Color reddish -white. Streak dark-gray. 
Occurs mixed with other tellurium minerals at the Stanislaus mine, Cal. 



3. TERNARY COMPOUNDS. Summiahsknitks, Sulpiiantimonites, 

SuLPIIOBISMUTIIITKS.* 

(a) Group I. Formula R(As,Sb)j>S 4 =RS +(A8,Sb) a S 8 . 

MIARGYRITE. 

Monoclinic. C = 48° 14'; Is 1= 100° 31\ O A 14 = 130° 8' ; c : b : d 
= 1*2883 : 0 9991 : 1, Naumann. Crystals thick tabular, or stout, or short 
prismatic, pyramidal. Lateral planes deeply striated. Cleavage : 1 -i 

imperfect. 

• The species of this group contain os bases chiefly copper, lead, and silver. They can be 
most readily distinguished by their behavior before the blowpipe. Attention may be called 
to the group of lead sulphantim onites, zinkentte , pUigionite , ( jamenonite) boulangerite, mene • 
ghinite , geocroni'e , for which the pyrognostics are nearly similar, and which are most sorely 
•^•tinguished by their specific gravity. 
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H.=2-2*5. G.=5*2-5*4. Lustre submetallie- adamantine. Color iron 
black. Streak dark cherry-red. Opaque, except in thin splinters, which, 
by transmitted light, are deep blood-red. Fracture subconchoidal. 

Comp. — AgSbSa (or Ag 2 S-j~Sb 2 S 3 )= Sulphur 21*8, antimony 41*5, silver 36*7=100. 

Fyr., etc. — In the closed tube decrepitates, fuses easily, and gives a sublimate of antimony 
sulphide ; in the open tube sulphurous and antimonous fumes, the latter as a white sublimate. 
B.B. on charcoal fuses quietly, with emission of sulphur and antimony fumes, to a gray bead, 
which after continued treatment in O.F. leaves a bright globule of silver. If the silver globule 
be treated with phosphorus salt in O.F., the green glass thus obtained shows traces of coppez 
when fused with tin in B. F. 

Decomposed by nitric acid, with separation of sulphur and antimonous oxide. 

Obs.— At Braiinsdorf, near Freiberg in Saxony ; Felsobanya (kenngottite ) ; Przibram in 
Bohemia ; Claustbal ( hypargyrite ) ; Guadalajara in Spain ; at Parenos, and the mine Sta. M. 
de Catorce, near Potosi ; also at Molinares, Mexico. 


Orthorhombic. 
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SAHTORITZ2. Sclekoclase. 

/ A /= 123° 21', 0 A 1-i = 131° 3' ; c : l s a = 1-1483 : 

1*8553:1. Crystals slender. Cleavage: 
0 quite distinct. 

ll.=3. G.= 5*393. Lustre metallic. 

Color dark lead-gray. Streak reddish- 
brown. Opaque. Brittle. 


Oomp — PbAs,S 4 (PbS4-As 2 S 3 )= Sulphur 26*4, 
arsenic 30 0, lead 42 7=100. 

Fyr., etc. — Nearly the same as for dufrenoy- 
site (q. v.), but differing in strong decrepitation. 

Obs.— From the Binnen valley with dufrenoy- 
site and binnite As the name Seleroclase is 
inapplicable, and the mineral was first an- 
nounced by Sartorius v. Waltershausen, the species may be appropriately called Sartor ite. 
It is the binnite of Heussor. 


ZINKENTTE. 

Orthorhombic. I A / = 120° 39', Rose. Usual in twins, as hexagonal 
prisms, with a low hexagonal pyramid at summit. Lateral faces longitudi- 
nally striated. Sometimes columnar, fibrous, or massive. Cleavage not 
distinct. 

II. =3-3*5. G. = 5*30-5*35. Lustre metallic. Color and streak steel- 
gray. Opaque. Fracture slightly uneven. 

Oomp. — PbSbaS, (or PbS-bSb 2 S 3 ) = Sulphur 22*1, antimony 42*2, lead 35*7 = 100. 

Fyr., etc. — Decrepitates and fuses very easily ; in the closed tube gives a faint sublimate 
of sulphur and antimonous Bulphide ; in the open tube sulphurous fumes and a white subli- 
mate of oxide of antimony. B. B. on charcoal is almost entirely volatilized, giving a coating 
which on the outer edge is white, and near the assay dark-yellow; with soda in B.F. yields 
globules of lead. 

Soluble in hot hydrochloric acid with evolution of sulphuretted hydrogen and separation of 
lead chloride on cooling. 

Resembles stibnite and boumonite, but may be distinguished by its superior hardness and 
specific gravity. 

Obs. — Occurs at Wolfsberg in the Harz. 

CnALCOSTiiiiTK (Kupferantimonglanz, Germ.). — Composition CuSbS 2 (or Cu 2 S f Sb 2 S*)-- 
Sulphur 25*7, antimony 48*9, copper 25*4. Color lead-gray to iron-gray. Wolfsberg in the 
Harz. 

Emplkctite (Kupferwismuthglanz, Germ.). — Composition CuBiS* (or Cu i S-hBi 2 S,)=Sul» 
phur 19*1, bismuth 62*0, copper 18 * 9 = 100 . Odor grayish to tin-white. Sch warzenbezg, 
Stxony ; Copiapo, Chill. 
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Berthibiute. — C omposition approximately FeSb a S« (or FeS -b Sb a S 3 ) = Sulphur 30*0, anti* 
mony 57*0, iron 18*0=100. Color dark steel-gray. Auvergne ; Braunsdorf, Saxony ; Corn* 
wall, etc. ; San Antonio, Cal. 

(b) Sub-Group. Formula R 3 (A.s,Sb,Bi)4S9=3RS + 2(As,Sb,Bi) 2 S 8 - 

Plagionite. — Composition (Hose) Pb 4 Sb fl Si 8 (or 4PbS + 3Sb a S a )= Sulphur 21*1, antimony 
87*0, lead 41 *9. Monoclinic. G. =5*4. Found at Wolfsberg in the Harz. 

Joudanite (v. Rath). — Composition Pb 3 As 4 S u (or 3PbS 4-2 As a Sa) = Sulphur 23*8, arsenic 
24 8, lead 51*4. Orthorhombic. Resembles sartorite, but distinguished by its black streak, 
its six-sided twins, and by not decrepitating B.B. Binnenthal, Switzerland. 

BinnitE.— C omposition probably CunAs^ (or 3Cu a S4-2As a S a ) = Sulphur 29*7, arsenio 81 0, 
copper 39 3 = 100. Isometric. Streak cherry -red. Binnenthal in dolomite {dufrenoysite ol 
V. Waltershausen). 

Klapkotiiolite {Petersen). — Composition Cu 6 Bi 4 Sbu (or 3Cu a S4-2Bi a S 3 ). Orthorhombic. 
Cleavage i-\ distinct. Color steel-gray. G. = 4*0. Wittichen, Baden. 

Sen i km e it it K ( Genth ). — Composition R 3 Bi 4 S u (or 3RS + 2Bi a S 3 ), with R=Ag a : Pb=2 : 1. 
This requires sulphur 10*4, bismuth 47*3, silver 24 5, lead 11*8=100. Massive, disseminated 
in quartz. Color lead-gray. Red Cloud mine, Colorado. 


(c) Group II. Formula R 2 (Sb,As) 2 S 5 ==2RS + (Sb,As) a S 3 . 

JAMESONTTE. Federerz, Germ. 

Orthorhombic. I A /= 101° 20' and 78° 40'. Cleavage basal, highly 
perfect; /and i-l less perfect. Usually in acicular crystals. Also fibrous 
massive, parallel or divergent; also in capillary forms; also amorphous 
massive. 

H.=2-3. G.=5*5-5‘8. Color steel-gray to dark lead-gray. Streak 

gray. 

Comp. — Pb a Sb a Sfi (or 2PbS4-Sb a S 3 ) ; more strictly 2PbS=2 (or Pb,Fe)S. If Fe : Pb=l : 
4, Sulphur 21*1, antimony 32*2, lead 43 7, iron 8*0=100. Small quantities of zinc, bis- 
muth, silver, and copper are also sometimes present. 

Fyr. — Same as for zinkenite. 

Diff. — Distinguished from other related species by its perfect basal cleavage. 

Obs. — Jdi/iotoTiite occurs principally in Cornwall, in Siberia, Hungary, at Valentia, d’Alcan- 
tara in Spain, and Brazil. 

Th v feather are occurs at Wolfsberg in the Eastern Harz ; also at Andreasberg and Claus* 
tbal ; at Freiberg and Schenmitz ; at Pfaffenberg and Meiseberg ; in Tuscany, near Bottino ; 
at Chonta in Peru. 


DUFRENOYSITE. 


Orthorhombic. I A 1= 93° 39', O A 1-i = 121° 30', c\l) l & = 1*6318 : 
1*0658 : 1. Usual in thick rectan- 
gular tables. Cleavage: O perfect. 448 

Also massive. 

II. — 3. G.=5*549-5*569. Lustre 
metallic. Color blackish lead-gray. 

Streak reddish-brown. Opaque. Brit- 
tle. 

Comp.—PbaAsaSa (or 2PbS+2As*S,)= Sul- 
phur 22*10, arsenic 20*72, lead 57*18=100. 

Pyr., etc — Easily fuses and gives a Bubli- 
mate of sulphur and arsenous sulphide; in 

feho open tube a smell of sulphur only, with a sublimate of sulphur in upper part of tube, i 
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of arsenous oxide below. On charcoal decrepitates, melts, yields fames of arsenic and 0 
globule of lead, which on cupellation yields silver. 

Obs. — From the Binnenthal in the Alps, in crystalline dolomite, along with sartorite, j or dan* 
ite, binnite, etc. 

Damour, who first studied the arsenio-sulphides of the Binnenthal, analyzed the massive 
ore and named it dvfrenoyeite. He inferred that the crystallization was isometric from some 
associated crystals, and so published it. This led von Waltershausen and Heusser to call the 
isometric mineral dufrenoysite, and the latter to na ue the orthorhombic species binnite. Von 
Waltershausen, after studying the prismatic mineral, made out of the species amenomelan and 
sderodase, yet partly on hypothetical grounds. Recently it has been found that three ortho- 
rhombic minerals exist at the locality, as announced by vom Rath, who identifies one, by speci- 
fic gravity and composition, with Damour’s dvfrenoysite ; another he makes sclerodnae of von 
Waltershausen (sartorite, p. 250) ; and the other he names jordanite (p. 251). The isometric 
mineral was called binnite by DesCloizeaux. 


FREIESLEBENITE. Schilfglaserz, Germ. 


Monoclinic. G = 87° 4G', I A / = 119° 12', 0 A 1-i = 137° 10' (B. & M.); 

c:l:d=z 1-5802 : 1-7032 : 1. O A 1-i = 123° 55'. 


Prisms longitudinally striated. Cleavage: 1 perfect. 

lI. = 2-2*5. G. — G~G*4. Lustre metallic. Color and 
streak light steel-gray, inclining to silver-white, also 
blackish lead-grav. Yields easily to the knife, and is 
rather brittle. Fracture subconchoidal — uneven. 

Oomp. — PbyAgaSbaKe, Ramin, (or 7RS-+-.°»Sb.jS ; ,, with 7HS = 4PbS 
+3AguS)=Kulphur 18 8, antimony 20 0, lead «>0*5, silver 211*8:- 100. 

Pyr — In the open tube gives sulphurous and autmioninl fumes, 
the latter condensing as a white sublimate. 11. B. ou charcoal fuses 
easily, giving a coating on the outer edge white, from anumonous 
oxide, and near the assay yellow, from oxide of lead ; continued 
blowing leaves a globule of silver. 

Obs. — Occurs at Freiberg in Saxony and Kapnik in Transylvania; at 
Ratiebondtz ; atPrzibram ; at Felsbbanya; at lliendelencina in Spain. 
According to v. Zepharovieh, the mineral from Przibram and 
Braunsdorf, and part of that from Freiberg, while identical in composition with freies- 
lebenito, has an orthorhombic form. It is called by him DiAPirouiTK. 

Bkongnj auditk. — Composition AgjPbSbjSa (or PbS -t-Ag.jS 4 - Sb.,S 3 )= Sulphur 10 4. anti- 
mony 20*5, silver 20*1, lead 25 0= 100. Isometric ; in octahedrons, also massive. Color gray- 
ish-black. Mexico. 

Cosaute ( Genth). — Composition PboBi 2 S P (or 2PbS-f Bi 2 S 3 )= Sulphur 16*1. bismuth 42 2, 
lead 41*7=100. Color lead-gray. Soft and brittle. Cosala, Sinaloa, Mexico. Identical 
(Frenzel) with Hermann’s retzhanyite. 

Pyrostilpnite (Feuerblende, Germ.). — In delicate crystals; color hyacintli-red. Con- 
tains 02*8 p. c. silver, also sulphur and antimony. Freiberg ; Andreasberg; Przibram. 

Ritt 1 n g ekite. — In minute tabular crystals. Color black. Streak orange -yellow. Con- 
tains sulphur, antimony, and Bilver. Joachirasthal 
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(d) Group III. Formula E 3 (A8,Sb) ji S 6 =3RS-f (As, Sb) 2 S 8 . 


PYRARGYRITE. Ruby Silver. Dark Red Silver Ore. Dunkles RothgiUtigerz, Germ, 

Rhom bolied ral. Opposite extremities of crystals often unlike. R A R 
= 108° 42' (B. & M.) ; OaR=: 137° 42' ; c = 0788. O A l 8 = 112° 33', 
<?Al 7 = 100° 14', #a£ = 144° 21'. Cleavage: R rather imperfect 
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Twins: composition-face— •£; 0 or basal plane, as in f. 290, p. 95; also 
R and /. Also massive, structure 

granular, sometimes impalpable. 460 451 

II. =2-2*5. G.=5*7-5*9. Lustre 

metallic-adamantine. Color black, 
sometimes approaching cochineal- red. 

Streak cochineal-red. Translucent — 
opaque. Fracture conchoidal. 

Comp. — AgaSbSs (or 3Ag.S 4- Sb.S 3 )-- Sul- 
phur 17*7, antimony 22*5, silver 59*8 — 100. 

Pyr., etc. — In the closed tube fuses and gives 
a reddish sublimate of antimonous sulphide ; 
in the open tube sulphurous fumes and a white sublimate of antimonous oxide. B.B. on 
charcoal fuses with spirting to a globule, gives off anuinonons sulphide, coats the coal white, 
and the assay is converted into silver sulphide, which, treated in O.F., or with soda in R.F., 
gives a globule of fine silver. In case arsenic is present it may be detected by fusing the 
pulverized mineral with soda on charcoal in It F. 

Decomposed by nitric acid with separation of sulphur and antimonous oxide. 

Obs. — Occurs principally with calcite, native arsenic and galenite. at Andre, asberg ; also in 
Saxony, Hungary, Norway, at Gaudalcanal in Spain, and in Cornwall. In Mexico abundant. 
In Chili ; in Nevada, at Washoe in Daney Mine ; abundant about Austin, Iteese river ; at 
Poor Man lode, Idaho. 


PROUSTITE. Light Ited Silver Ore. Lichtes Itothgliltigerz, Germ. 

Khombohedral. R A R = 107° 48', OaR = 137° 9' ; c = 0*73506. 
Also granular massive. 

IL = 2~2*5. G. = 5*422-5*56. Lustre adamantine. Color cochineal-red. 
Streak cochineal-red, sometimes inclined to aurora-red. Subtransparent- 
suhtraiislucent. Fracture conchoidal — uneven. 

Comp.— AgaAsSa (or 3Ag v S4-As 2 Sj) = Sulphur 19*4, arsenic 16*1, silver 05 *5 = 1 00. 

Pyr., etc. — In the closed tube fuses easily, and gives a faint sublimate of arsenous sulphide ; 
in the open tube sulphurous fumes and a white crystalline sublimate of arsenous oxide. B.B. 
on charcoal fuses and emits odors of sulphur and arsenic; by prolonged heating in O.F., or 
with soda in R. F., gives a globule of pure silver. Some varieties contain antimony. 
Decomposed by nitric acid, with separation of sulphur and arsenous oxide. 

Obs. — Occurs at Freiberg and elsewhere in Saxony ; at Joachimstbal j W r olfach in Baden ; 
Cbalanches in Dauphin<5; Guadalcanal in Spain ; in Mexico: Peru ; Chili, at Chanarcillo, in 
magnificent crystals. In Nevada, in the Daney mine, and in Comstock lode, but rare ; in 
veins about Austin, Lander Co. ; in microscopic crystals in Cabarrus Co., N. C., at ths 
McMakin mine ; in Idaho, at the Poor Man lode. 


BOURN ON1TE . Radelerz, Germ .(^ Wheel Ore). 

Orthorhombic. I A /= 93° 40', O A l-l = 136° 17' (Miller; ; c l : a =s 
0-95618 : 1*0662 : 1. O A 1-2 = 133° 26', O A 1 = 127° 20', 0 A 14 = 13S° 
6'. Cleavage : i-i imperfect ; i-i and O less distinct. Twins : twinning- 
plane face 7; crystals often cruciform (f. 453), crossing at angles of 98° 
40' and 86° 20' ; hence, also, cog-wheel shaped. Also massive ; granular, 
compact. 
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H.=2*5-8. G.=5*7-5*9. Lustre metallic. Color and streak steel-gray, 
inclining to blackish lead-gray or iron-black. Opaque. Fracture con- 
choidal or uneven. Brittle. 
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Oomp., Var. — CuPbSbS, Bamm. (or 3RS-hSb a S 8 , with 3RS— 2PbS+Cu a S)= Sulphur 19 0, 
antimony 25 0, lead 42*4, copper 13*0 = 100. 

Pyr., etc. — In the closed tube decrepitates, and gives a dark-red sublimate. In the open 
tube gives sulphurous oxide, and a white sublimate of antimonous oxide. B.B. on c 1 areoal 
fuses easily, and at first coats the coal white, from antimonous oxide ; continued blowing 
gives a yellow coating of lead oxide ; the residue, treated with soda in R.F. , gives a globule 
of copper. 

Deoomposed by nitric acid, affording a blue solution, and leaving a residue of sulphur, and 
a white powder containing antim >ny and lead. 

Obs.— Occurs in the Harz ; at ICapnik in Transylvania ; at Servoz in Piedmont; Briiuns- 
dorf nnd Gersdorf in Saxony, Ols a in Corinthia, etc. ; in Cornwall ; in Mexico ; at Huosco- 
Alto in Chili ; at Machacamaroa in Bolivia ; in Peru. 

STYLOTYPITE. — An iron-silver-copper boumonite ; Copiapo, Chili. 


BOUULNOSRITX2. 

In plumose masses, exhibiting in the fracture a crystalline structure ; 
also granular and compact. 

H.=2*5-3. G.=5.75-6 # 0. Lustre metallic. Color bluish lead-grav; 
often covered with yellow spots from oxidation. 


Oomp. — Pb|SbaS« (or 8PbS+Sb 8 S 8 )= Sulphur 18*2, antimony 23*1, lead 58 7=100. 

Pyr. — Same as for zinkenite. 

Obs. — Quite abundant at Molieres, department of Gard, in France ; also found at Nasafjeld 
in Lapland • at Nertsohinsk ; Ober-Lahr in Sayn-Altenkirchen ; Wolfsberg in the H»*r Z • near 
Bottino in Tuscany. 

Epiboulangkkite. — Probably a decomposition product of boulangerite (Websky) ; it con- 
tains more sulphur and less antimony. Altenberg, Silesia. 

Wittichknite. — Composition Cu a BiS 8 (or 3Cu 8 S-hBi 8 Si)= Sulphur 19 4, bismuth 42.1, 
•opper 88*5=100. Color steel-gray. Wittichen, Baden. 

Kobe l lite. — P b 8 BiSbSft(or 3PbS-+-(BtSb)aS 8 ) Ramm. = Sulphur 16*8, antimony 10*7, bis- 
muth 18 2, lead 54*3=100. Color lead-gray to steel-gray. Hvena, Sweden. 

ArKiNiTE (NadUerz, Germ.). — CuPbBiS* (or Cu,S-}-2PbS+BiaS*)=Sulphur 167, bismuth 
86*2, lead 86*0, oopper 1 11 =100. In acicular crystals, also massive. Color b lac k i sh lead- 
gray. Beresot Urals ; Gold Hill, North Carolina. 
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(e) Group IV. Formula R 4 ( As, Sb,Bi) 3 S 7 =4RS + (As, Sb,Bi)aSs. 


TBTRAHEDRITE.* Gray Copper Ore. Fahlerz ; Antimon- and Quecksilberfahlerz, Oerm 


Isometric ; tetrahedral. Twins : twinniiig-plane octahedral, producing, 
when the composition is repeated, the form in f. 456. Also massive ; gran- 
ular, coarse, or fine ; compact or crypto-crystalline. 



IL=3-4\5. G. =4-5-5*56. Lustre metallic. Color between light flint- 
gray and iron-black. Streak generally same as the color; sometimes 
inclined to brown and cherry-red. Opaque; sometimes subtransliicent in 
very thin splinters, transmitted color cherry-red. Fracture subconchoidal 
— uneven. Rather brittle. 


Comp., Var ~Cu h Sb 9 S 7 (or 4Cu a S + Sb 2 S 3 ), with part of the copper (Cu,) often replaced by 
iron (Fe), zim; ''Zn), silver (Ag 3 ), or quicksilver (Hg), and rarely cobalt (Co), and part of the 
antimony by arsenic, and rarely bismuth, ltatio Ag a -HCu a : Zn+Fe generally = 2 : 1. There 
are thus : ... . . 

A. An antiinonial series ; B. An nrsenio-antimoninl series ; C. A bismuthic arsemo-anti- 
monial ; besides an arsenical, in which arsenic replaces all the antimony, and which is made 
into a distinct species named tennanlite. 

Var. 1. Ordinary. Containing little or no silver Color steel-gray to dark-gray. 

2. Argentiferous ; Freibergite. Light steel-gray, sometimes iron-black. 

8. Mercimferous ; Schwatzite. Color gray to iron -black. 

The following analyses will serve as examples of these varieties : 

8 Sb As Cu Fe Zn Ag 

(1) Musen 25 46 1915 4 93 39 88 3 *43 8 50 0 60NiCol*04=98 '59Bammelflberg. 

(2) Meiseberg 24 80 25 56 80 47 3 52 8*89 10.48 Pb 0*78=100 00 “ 

3) Kotterbach 22 53 19 *34 2 *94 35 *34 0*87 0*69 Hg 17*27, Pb 0*21 Bi 0 81=100 

v ' v. Rath. 

Pyr., etc. — Differ in the different varieties. In the closed tube all fuse and give a dark- 
red sublimate of antimonous sulphide ; when containing mercury, a faint dark-gray sublimate 
appears at a low red heat ; and if much arsenic, a sublimate of arsenous sulphide first forms. 
In the open tube fuses, gives sulphurous fumes and a white sublimate of antimony ; if 
arsenic is present a crystalline volatile sublimate condenses with the antimony ; if the 
ore contains mercury it condenses in the tube in minute metallic globules. B.B. on charcoal 
fuses, gives a coating of antimonons oxide and sometimes arsenous acid, zinc oxide, and lead 
oxide • the arsenic may be detected by the odor when the coating is treated in R.F. ; the 
sine oxide assnmes a green color when heated with cobalt solution. The roasted mineral 
gives with the fluxes reactions for iron and copper ; with soda yields a globule of metallic 
copper. To determine the presence of a trace of arsenic by the odor, it is best to fuse the 
mineral on charcoal with soda. The presence of mercury is best ascertained by fusing thf 
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pulverized ore in a closed tube with about three times its weight of dry soda, the metal 
Bubliming and condensing in minute globules. The silver is determined by cupellation. 

Decomposed by nitric acid, with separation of sulphur, and antimonous and arsenous oxides. 

Obs. — The Cornish mines, near St. Aust. ; at Andreasberg and Clausthal in the Harz ; 
Kremnitz in Hungary ; Freiberg in Saxony ; Przibram in Bohemia ; Kahl in Spessart ; Kap- 
nik in Transylvania ; Dillenburg in Nassau ; and other localities. The ore containing mer- 
cury occurs in Schm >lnitz, Hungary ; at Schwatz in the Tyrol ; and in the valleys of Angina 
and Costello in Tuscany. 

Found in Mexico, at Durango, etc. ; at various mines in Chili ; in Bolivia ; at the Kellogg 
mines, Arkansas ; at Ncwburyport, Mass. In California in Mariposa Co. ; in Shasta Co. In 
Nevada, abundant at the Sheba and De Soto mines, Humboldt Co. ; near Austin in Lander 
Co. ; in Arizona at the Heintzelman mine, containing 1 \ p. c. of silver ; at the Sana Rita mine. 

Ktonitjs {Hr ami a ). — A bismuth tetrahedrite from Cremenz. Einfischthal, Switzerland. 

Malinowhkite. — A tetrahedrite containing 9-13 p. c. lead, and 10-13 p. c. silver. District 
of Rocuay, Peru. (5th Append. Min. Chili.) 


TENNANTITE.* Graukupfererz, Oei'm. 

Isometric ; holohedral, Phillips. Cleavage : dodecahedral imperfect. 
Twins as in tetrahedrite. Massive forms unknown. 

II. =3*5-4. G.=4*37-4*53. Lustre metallic. Color blackish lead-gray 
to iron-black. Streak dark reddish-gray. Fracture uneven. 

Comp. — Cu n As.jS 7 (or 4Cu 3 S-f-As 3 S 3 ), with Cu 3 replaced in part by Fe, A g 3 , etc., as in tetra- 
hedrite, with which it agrees in crystalline form. 

Pyr. — In the closed tube gives a sublimate of arsenous sulphide. In the open tube gives 
sulphurous fumes, and a sublimate of arsenous oxide. B.B. on charcoal fuses with intumes- 
cence and emission of arsenic and sulphur fumes to a dark-gray magnetic globule. The 
roasted mineral gives reactions for copper and iron with the tiuxeB; with soda on charcoal 
gives metallic copper with iron. 

Obs. — Found in the Cornish mines. Also at Skutterud in Norway, and in Algeria. 

Julian itk (Websky) is near tennantite. G. =5*12. Rudelstadt, Silesia. 

Mknkgiiinite has the composition Pb 4 Sb 3 S 7 (4PbS +-Sb 3 S 3 )==. Sulphur 17 ’3, antimony 16 8, 
ieud 03-9 = 100. Resembles boulangerite. Bottiuo, Tuscany ; Schwarzenberg, Saxony. 


( f ) Group V. Formula As, Sb)2S 8 =5IlS-f (As, Sb^S* 


STEPHANITE. Sprddglaserz, Germ, 

Orthorhombic. 1 A 1 = 115° 39', 0 A l-l = 132° 32£'; c:b:d = 1-0897 
: 1-5844:1. OM = 127° 51', <9 A 14 = 145° 34. Cleav- 
age: 2-1 and i-l imperfect. Twins: twinning-plane I; 
forms like those of aragonite frequent. Also massive, 
compact, and disseminated. 

11. =2-2*5. G.=6*2G9, Przibram. Lustre metallic. 

Color aud streak iron-black. Fracture uneven. 

Oomp.— Ag 6 SbS 4 (or 5Ag 3 S+Sb 9 S l )= Sulphur 16*2, antimony 15*8, 
silver 68 '5 =100. 

Pyr. —In the closed tube decrepitates, fuses, and after long heating 
gives a faint sublimate of antimonous sulphide. In the open tube fuses, 
giving off antimonial fumes and sulphurous oxide. B.B. on charcoal 
fuses with projection of small particles, coats the coal with antimonous 
oxide, whioh after long blowing is colored red from oxidized silver, and a globule of metallic 
silver is obtained. 

Soluble in dilate heated nitric acid, sulphur and oxide of antimony being deposited. 
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BULPHA RSENITBS, 8ULFHANTIMONITE8, ETC. 

Ob*.-- At Freiberg and elsewhere in Saxony ; at Przibram in Bohemia ; in Hungary ; at 
Andreasberg ; at Zaoatecas in Mexico ; and in Peru. In Nevada, an abundant silver ore in 
the Comstock lode ; at Ophir and Mexican mines in fine crystals ; in the Beese river and 
Humboldt and other regions. In Idaho, at the silver mines. 

G'KOCUOnite. — Composition Pb 4 Sb.fl ft (or 5PbS-f-Sb 9 S 3 ) = Sulphur 16*7, antimony 15'9, lead 
67 '4 = 100 (also contains a little arsenic). Color light lead-gray. Sola, Sweden; Merido, 
Spain ; Val di Castello, Tuscany. 


FOLYBASrro. 

Orthorhombic, DesCl. I I nearly 120°, 0 Al = 121° 30'. Crystals 
usually short tabular prisms, with the bases triangularly striated parallel 
to alternate edges. Cleavage : basal imperfect. Also massive and dis- 
seminated. 

II. =2-3. G.=6‘214. Lustre metallic. Color iron-black ; in thin crys- 

tals cherry-red by transmitted light. Streak iron-black. Opaque except 
when quite thin. Fracture uneven. 

Oomp. — Ag u SbS 6 (or 9Ag 9 S-+-Sb 9 S 3 ), if containing silver without copper or arsenic, Sulphur 
14'8, antimony 9*7, silver 95 5 = 100. But with Ag a replaced in purt by Cu a (ratio Ag : Cu= 
1 : 4 to 1 : 11), and Sb replaced by As (ratio 1 : 1, etc.). 

Pyr., etc. — In the open tube fuses, gives sulphurous and antimonial fumes, the latter 
forming a white sublimate, sometimes mixed with crystalline arsenous oxide. B B. fuses 
with spirting to a globule, gives off sulphur sometimes arsenic , and coats the coal with anti- 
monous oxide ; with long-continued blowing some varieties give a faint, yellowish-whito coat- 
ing of zinc oxide, and a metallic globule, which with salt of phosphorus reacts for copper, 
and cupelled with lead gives pure silver. 

Decomposed by nitric acid. 

Oba.— Occurs in Mexico ; at Tres Puutos, Chili ; at Freiberg and Przibram. In Nevada, 
at the Reese mines ; in Idaho, at the silver mines of the Owhyhee district. 

Polyakoyhite. — I sometric. Cleavage cubic. Malleable. Comp. 12Ag 9 S+-Sb 9 S 3 . Wol- 
fach, Baden. 


ENAROITE, 

Orthorhombic. /A I = 97° 53', O a 14 = 136° 37' (Dauber) ; & : Z : & = 
0-94510 : 1*1480 : 1. O A 14 = 1 40° 20', O A 1 = 128° 35'. Cleavage : 7 
perfect ; i4, i-l distinct ; O indistinct. Also massive, granular or columnar. 

II. = 3. G. =4*43-4*45 ; 4*362, Ken ngott. Lustre metallic. Color gray- 
ish to iron-black ; streak grayish-black, powder having a metallic lustre. 
Brittle. Fracture uneven. 

Comp. — Cu 3 Ass 4 = Sulphur 32 5, arsenic 191, copper 48*4=100, usually containing also a 
little antimony, and zinc, and sometimes silver. 

Pyr. — In the closed tube decrepitates, and giv$s a sublimate of sulphur; at a higher tem- 
perature fusee, and gives a sublimate of arsenous sulphide. In the open tube, heated gently, 
the powdered mineral gives off sulphurous and arsenous oxides, the latter condensing to a 
sublimate containing some anti mo no us oxide. B.B. on charcoal fuses, and gives a faint coat- 
ing of arsenous oxide, antimonous oxide, and zinc oxide ; the roasted mineral with the fluxes 
gives a globule of metallic copper. 

8oluble in nitro-hydrochloric acid. 

17 
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Obi. — From Morococha, Cordilleras of Peru ; Famatina Mts. , Argentine Republic ; from 
Chili; mines of Santa Anna, N. Granada ; at Cosihuirachi in Mexico ; Brewster’s gold mine, 
Chesterfield district, S. Carolina ; in Colorado ; at Willis’s Gulch, near Black Hawk ; southern 
Utah ; Morning Star mine, Cal. 

Famatinite [Sterner),— An antimonial enargite. Massive. Color reddish gray. Fama- 
tina Mts. , Argentine Republic ; Corro de Pasca, Peru. 

Luzon ite. — Similar to enargite in composition, but unlike inform, according to Weisbach. 
Mancayan Island, Luzon. 

Clarite (Sandberger ). — Also similar to enargite in composition, but in form monoclinic, 
and having a perfect cleavage parallel to the clinopinacoid. Schapbaoh, Black Forest. 

Etigenite.— Composition S 32*24, As 12*78, Cu 40 68, Fe 14 20=100. Orthorhombic. 
Color steel-gray. Neugliick mine, Wittichen. 
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111. COMPOUNDS OF CHLORINE, BROMINE, IODINE 


1. ANHYDROUS CHLORIDES, ETC. 

HALITS. COMMON SALT. Kochsalz, Steinsalz, Germ. 

Isometric. Usually in cubes; rarely in octahedrons; faces of crystals 
sometimes cavernous, as in f. 458. Cleavage : cubic, 
perfect. Massive and granular, rarely columnar. 458 

IL=2*5. G. = 2’l-2 , 257. Lustre vitreous. Streak 
white. Color white, also sometimes yellowish, red- 
dish, bluish, purplish; often colorless. Transparent 
— translucent. Fracture conehoidal. Rather brittle. 

Soluble; taste purely saline. 

Comp. —NnCl= Chlorine 007, sodium 39 3= 100. Commonly 
mixed with some calcium sulphate, calcium chloride, and magne- 
sium chloride, and sometimes magnesium sulphate, which render 
it liable to deliquesce. 

Pyr., etc. — In the closed tube fuses, often with decrepitation ; when fused on the platinum 
loop colors the dame deep yellow. 

Diff. — Distinguished by its taste, solubility, and perfect cubic cleavage. 

Oos. — Common salt occurs in extensive but irregular beds in rocks of various ages, associ- 
ated with gypsum, polyhalite, calcite, clay, and sandstone ; also in solution, and forming 
gait springs. 

The principal mines of Europe are at Wieliczka, in Poland; at Hall, in the Tyrol; Stass- 
furt, in Prussian Saxony; and along the range through Reichenthal in Bnvuria, JIallein in 
Salzburg, Hallstadt, Isohl, and Ebensee, in upper Austria, and Aussee in Styria ; in Transyl- 
vania ; Wallachia, Galicia, and upper Silesia ; Vic and Dieuze in France ; Valley of Cardona 
and elsewhere in Spain, forming hills 300 to 400 feet high ; Bex in Switzerland ; and North- 
wich in Cheshire, England. It also occurs near Lake Oroomiah, the Caspian Lake., etc. In 
Ugeria ; in Abyssinia ; in India in the province of Lahore, and in the valley of Cashmere ; 
m China and Asiatic Russia ; in South America, in Peru, and at Zipaquera and Nemocon. 

In the United States, salt has been found forming beds with gypsum, in Virginia, Wash- 
ington Co. ; in the Salmon River Mts. of Oregon ; in Louisiana. Brine springs are very 
numerous in the Middle and Western States. These springs are worked at Salina and Syra- 
cuse, N. Y. ; in the Kanawha Valley, Va. ; Muskingum, Ohio; Michigan, at Saginaw and 
elsewhere ; and in Kentucky. Vast lakes of salt water exist in many parts of the world. 
Lake Timpauogos in the Rocky Mountains, 4,200 feet above the level of the sea, now called 
the Great Salt Lake, is 2,000 square miles in arfea. L. Gale found in this water 20*196 per 
cent, of sodium chloride in 1852 ; but the greater rainfall of the last few years has dimin- 
ished the proportion of saline matter. The Dead and Caspian Seas are salt, and the waters 
of the former contain 20 to 26 parts of solid matter in 100 parts. 

Huantajayite. — Composition 20NaCl + AgCl. Occurs in white cubes in the mine of San 
Simon, Cerro de Huantajaya, Peru. 
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SYLVITfi. 

Isometric. Cleavage cubic. Also compact. . 

H.=2. G.=l*9-2. White or colorless. Yitieous. Soluble; taste like 
that of common salt. 

Oomp. — KC1= Chlorine 47 05, potassium 52 '85 =100. But often containing impurities. 

Pyr., etc. — B. B. in the platinum loop fuses, and gives a violet color to the outer flame. 
Added to a salt of phosphorus bead, which has been previously saturated with copper oxide, 
colors the O.F. deep azure-blue. Water completely dissolves it. 

Obs. — Occurs at Vesuvius, about the fumaroles of the volcano. Also at Stassfurt ; at Leo* 
poldshall (leopoUMte ) ; at Kalusz , Galicia. 


OERARGYRITE . Kerargyrite. Horn Silver. Silberhomerz, Germ. 

Isometric. Cleavage none. Twins: twinning-plane octahedral. Usually 
massive and hxjking like wax; sometimes columnar, or bent columnar ; 
often in crusts. 

II.=l~r5. G. = 5*552. Lustre resinous, passing into adamantine. Color 
pearl-gray, grayish-green, whitish, rarely violet-blue, colorless sometimes 
when perfectly pure ; brown or violet-brown on exposure. Streak shin- 
ing. Transparent — feebly subtranslucent. Fracture somewhat concboidal. 
Sectile. 

Oomp. — AgCl= Chlorine 247, silver 73 -3 =100. 

Pyr., etc.— In the closed tube fuses without decomposition. B.B. on charcoal gives n 
globule of metallic silver. Added to a bead of salt of phosphorus, previously saturated with 
copper oxide, and heated in O.F., imparts tin intense azure-blue to the flame. A fragment 
placed on a strip of zinc, and moistened with a drop of water, swells up, turns black, and 
finally is entirely reduced to metallic silver, which shows the metallic lustre on being pressed 
with the point of a knife. Insoluble in nitric acid, but soluble in ammonia. 

Obs — Occurs in veins of clay slate, accompanying other ores of silver, and usually only in 
the higher parts of these veins Jt has also been observed with ochreous varieties of brown 
Iron ore ; also with several copper ores, with calcite, barite, etc. 

The largest masses are brought from Peru, Chili, and Mexico. Also occurs in Nicaragua 
noarOcotal; in Honduras. It was formerly obtained in the Saxon mining districts of 
J ohanngeorgenstadt and Freiberg, but is now rare. Found in the Altai ; at Kongsberg in 
Norway; in Alsace; rarely in Cornwall, and at Huelgoet in Brittany. In Nevada, about 
Austin, Lander Co., abundant ; at mines of Comstock lode. In Arizona, in the Willow Springs 
disfc., veins of El Dorado canon, and San Francisco disk In Idaho, at the Poor Man lode. 

Named from idpac , horn , an i <i(>} ron<; f silver . 

Calomel (Quecksilberhomerz, Germ .). — Composition HgCl= Chlorine 15 *1, mercury 84*9 
= 100. Color white, grayish, brown. Spain. 

Sal Ammoniac (Salmiak, Germ .). — Ammonium chloride, NH 4 C1= Ammonium 337, chlo- 
rine 66*3=100. Vesuvius, Etna, and many volcanoes. 

Nantokite (Breithaupt). — Composition CuCl = Chlorine 35*9, copper 64 *1 = 100. Cleavage 
cubic. Color white. Nantoko, Chili. 

Embolitk.— Ag(Cl,Br) ; the ratio of Cl : Br varying from 3 : 1 to 1 : 3. Color grayish- 
green. At various mines in Chili ; also Mexico; Honduras. 

Bhomyrite, Bromargyrite (Bromsilber, Germ .).— Silver bromide. AgBr=Bromine 42*6, 
silver 57*4=100. Color when pure bright yellow, slightly greenish. Chili ; Mexico. 

Iodyrite, lodargyrite (Iodsilber, Gei'm .). — Silver iodide, AgI=Iodine 54 0, silver 46*0= 
100. Color yellow. Mexico ; Chili ; Spain ; Cerro Colorado mine in Arizona. 

Tocobnalitk (Domeyko). — Composition Agl-bHgl. Amorphous. Color pale yellow. 
Ghafiarcillo, Chili 

Chlorocalcite (Soacchi). — From Vesuvius, contained 5876 p. c. CaClj ; with also KC1, 
NnCl,MgCl a . Chloralluminite, Chlormaonesite, and Culorothionite are also frem 
Vesuvius. 
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Cotunnite. — Lead chloride, PbCl a = Chlorine 25 5, lead 74 5= 100. Soft White. Vera* 
vine. Pseudocotunnite (Scacohij, Vesuvius. 


Molybite. — Composition FeCl«= Chlorine 63*5, iron 34*5=100. Vesuvius 


2. HYDROUS CHLORIDES. 


CARNALLITE. » 

Massive, granular; flat planes developed l>y action of water, but no dis- 
tinct traces of cleavage; lines of striae sometimes distinguished, which 
indicate twin-composition. 

Lustre shining, greasy. Color milk-white, but often reddish from mix- 
ture of oxide of iron. Fracture conchoidal. Soluble. Strongly phosphor 
escent. 

Oomp. — KMgCl 3 .6aq=:KCl +-MgCl 2 + Gaq== Magnesium chloride 34*2, potassium chloride 
20-9, water 38;9 = 100. 

The brown and red color of the mineral is due partly to iron sesquioxide, which is in hex- 
agonal tables, and partly to organic matters (water-pluutH, infusoria, sponges, etc.). 

Pyr., etc. — B B. fuses easily. Soluble in water, 100 parts of water at 18 ’ n . 5° 0. taking up 
64-5 parts. 

Obs. — Occurs at Stassfurt, where it forms beds in the upper part of the salt formation, 
alternating with thinner beds of common salt and kieserite, ami also mixed with the common 
salt. Its beds consist of subordinate beds of different colors, reddish, bluish, brown, deep red, 
sometimes colorless. Sylvite occurs in the carnallite. Also found at Westeregeln ; with salt 
at Maman in Persia. Its richness in potassium makes it valuable for exploration. 

Taciiiiydiute. — Composition CaMg u Cl n + 12aq~CaCl a -f-2MgCl a + 12aq (llaram.)= Chlorine 
40*3, magnesium 9*5, calcium 7 5, water 42 *7= 100. Color yellowish. Deliquescent. Stas*- 
furt. 

Kremkrsite. — Probably 2NH 4 C1 b2KCl-f-FeCl 6 -f3aq. Vesuvius. 

Erytukosiderite, also from Vesuvius, is 2KCl + FeCl e -i~2aq. 


3. OXYCHLORIDES. 

ATAOAMITB. 

Orthorhombic. /A I = 112° 20', O A 1-i = 131° 29' ; b : l : & = 1*181 
: 1*402 : 1. Usually in modified rectangular prisms, vertically striated ; also 
in rectangular octahedrons. Twins: twinning-plane /; consisting of 
three individuals. Cleavage: i-l perfect, 11 imperfect. Occurs also mas- 
sive lamellar. 

H.=3-3*5. G.=3*761 (Klein), 3*898 (Zepharovich). Lustre adamantine- 
vitreous. Color various snades of bright green, rather darker than emerald, 
sometimes blackish-green. Streak apple-green. Translucent — subtran* 
lucent. 
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Oomp. — CuCla+8H a GuO a = Chlorine 10*04. copper 69*45, oxygen 11*25, water 12*66= 100, 
Also other compounds with more water (18 and 22£ p. c.). 

Fyr., etc.— In the closed tube gives off much water, and forms a gray sublimate. B.B. or 
charcoal fuses, coloring the O.F. azure-blue, with a green edge, and giving two coatings, 
one brownish and the other grayish-white ; continued blowing yields a globule of metallic 
copper ; the coatings touched with tbe It. F. volatilize, coloring the flame azure blue. In acids 
easily soluble. 

Obs. — Occurs in different parts of Chili ; in the district of Tarapaca, Bolivia ; at Tocopilla 
In Bolivia ; with malachite in South Australia ; Serro do Bembe, near Ambriz, on the west 
coast of Africa ; at the Estrella mine in southern Spain ; at St. Just in Cornwall. 

Tallingite. — Composition CuCl a -f4H a CiiO a -+-4aq. In thin crusts. Color blue. Botal- 
lack mine, Cornwall. 

Atelite. — Composition CuCl«j-h 2 H 2 Cu 03 + aq. Formed from tenorite. Vesuvius. 

Percyltte. — An oxychloride of lead and copper. Occurs in minute sky-blue cubes, 
Sonora, Mexico ; So. Africa. 

Matlockite. — Composition PbCl a +PbO=Lead chloride 55*5, lead oxide 44*5=100. Crom- 
ford, near Matlock, Derbyshire. 

Mendipite, — Composition PbCl a 4-2PbO=Lead chloride 88 *4, lead oxide 61*6=100. In 
columnar masses, often radiated. Color white. Mendip Hills, Somersetshire; Brillon, 
WeBtphalia. 

Sch w ahtzemberg ite. — Composition Pb(I,Cl) a +2PbO. Color yellow. Desert of Ata- 
cama. 

Daubreite. — Composition (Bi a O a ) 4 BiCl*=Bi a O* 76*16, BiClj 28*84=100. Amorphous. 
Structure earthy, sometimes fibrous. Color yellowish-gray. H. =2*5. G. =6 *4-6 *5. From 
the mine Constancia, Cerro de Tanza, Bolivia (Domeykoj. 
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IV. FLUORINE COMPOUNDS. 


1. ANHYDROUS FLUORIDES. 

FLUORITE or FLUOR SPAR.* Flusspath, Germ. 

Isometric; forms usually cubic (see f. 39, 40, 41, 52, 55, etc., pp. 10 
to 19). Cleavage : octahedral, perfect. Twins : 
twinning-plaue, 1, f. 266, p. 91. Massive. 

Rarely columnar; usually granular, coarse or 
fine. Crystals often having the surfaces made 
up of small cubes, or cavernous with rectangular 
ca cities. 

II. =4. G.— 3*01-3*25. Lustre vitreous ; 

sometimes splendent ; usually glimmering in the 
massive varieties. Color white, yellow, green, 
rose, and crimson-red, violet* blue, sky-blue, and 
brown : wine-yellow, greenish and violet-blue, 
most common ; red, rare. Streak white. Trans- 
parent — subtranslucent. Brittle. Fracture of fine massive varieties flat- 
conchoidal and splintery. Sometimes presenting a bluish fluorescence. 
Phosphoresces when heated. 


450 



Comp., Var. — Calcium fluoride, CaF 2 =Fluorine 48*7, calcium 51 *3=100. Berzelius found 
0 ’5 of calcium phosphate in the fluorite of Derbyshire. The presence of chlorine was detected 
early by Scheele. Kersten found it in fluor from Marienberg and Freiberg. The bright 
colors, as shown by Kenngott, are lost on heating the mineral ; they are attributed mainly to 
different hydrocarbon compounds by Wyrouboff, the crystallization having taken place from 
aqueous solution. 

Var. Ordinary ; (a) cleavable or crystallized, very various in colors ; (ft) coarse to fine 
granular ; (c) earthy, duU, and sometimes very soft. A soft earthy variety from Ratofka, 
Russia, of a lavender-blue color, is the ratofhite. The finely-colored fluorites have been 
called, according to their colors, false ruby, topaz, emerald, amethyst, etc. The colors of the 
phosphorescent light are various, and are independent of the actual color ; and the kind 
affording a green color is (d) the chlorophane. 

Pyr., etc. — In the closed tube decrepitates and phosphoresces. B. B. in the forceps and 
on charcoal fuses, coloring the flame red, to an enamel which reacts alkaline to test paper. 
With soda on platinum foil or charcoal fuses to a clear bead, becoming opaque on cooling ; 
with an excess of soda on charcoal yields a residue of a difficultly fusible enamel, while most 
of the soda sinks into the coal ; with gypsum fuses to a transparent bead, becoming opaque 
on cooling. Fused in an open tube with fused salt of phosphorus gives the reaction for fluor* 
ine. Treated with sulphuric acid gives fumes of hydrofluoric acid which etch glass. Phoa* 
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phoreacence is obtained from the coarsely powdered spar below a red beat. At a high tem- 
perature it ceases, but is partially restored by an electric discharge. 

DifL — Recognized by its octahedral cleavage, its etching power when heated in the glass 
tube, etc. 

Obs. — Sometimes in beds, but generally in veins, in gneiss, mica slate, clay slate, and also 
in limestones, both crystalline and uncrystalline, and sandstones. Often occurs as the gangue 
of metallic ores. In the North of England, it is the gangue of the lead veins. In Derby- 
shire it is abundant, and also in Cornwall. Common in the mining district of Saxony ; fine 
near Kongsberg in Norway. In the dolomites of St. Gothard it occurs in pink octahedrons 

Some American localities are : Trumbull and Plymouth, Conn. ; Mu6colonge Lake, Jeffer- 
son Co., N.Y., in gigantic cubes ; Rossie, St. Lawrence Co. ; near the Franklin furnace, N. J. ; 
Gallatin Co., 111. ; Thunder Bay, Lake Superior; Missouri. 

Sellaite (Striiver). —Magnesium fluoride, MgF«. Tetragonal. Colorless. Occurs with 
anhydrite at Gerbulaz in Savoy. 

Yttrockuite. — Composition 2(9CaF 8 H-2YF 2 -l-CeF2)-f3aq (Hamm.). Color violet-blue, 
white. Near Fahlun, Sweden ; Amity, N. Y. ; Paris, Me. ; etc. 

Fluoceuite.— C ontains (Berzelius) €eO* 82 G4, YO 1T2. Sweden. 

Fluellite. — C ontains (Wollaston) fluorine and aluminum. Cornwall. 

Cryptoiialite. — Fluosilicate of ammonium. Vesuvius. Also observed at Vesuvius, 
bydrofluoritc, HF, and proidonite, SiF 4 iScacchi). 


CRYOLITE.* 

Triclinic (DesCloizeaux and Websky). Form approaching very closely 
in appearance and angles to the cube and eubo- 
octahedron ot* the isometric system. General habit 
as in f. 460 ; P(O) A T(I) = 90° 2', P(0)A M(P) 
= 90° 24', M A T(I A /') = 91° 57' ; also / (1 -l') a M 
(/') = 124° 30', l (1-*') A T(l) = 124° 14' (angles by 
Websky). Twins common. Cleavage parallel to 
the three planes P, M , T ; in crystals most com- 
plete parallel to T, in masses parallel to P. Com- 
monly massive, cleavable. 

II. =2-5. G. = 2*9-3-077. Lustre vitreous; slightly 
pearly on 0 . Color snow-white ; sometimes reddish 
or brownish to brick-red and even black. Sub- 
transparent — translucent. Immersion in water in- 
creases the transparency. Brittle. 

Oomp. — Na 8 AlFia (or 6NaF-fAlF fl )= Aluminum 13*0, sodium 82*8, fluorine 54*2=100. 

Pyr., etc. — Fusible in the flame of a candle. B.B. in the open tube heated so that the 
flame enters the tube, gives off hydrofluoric acid, etching the glass ; the water which con- 
denses at the upper end of the tube reacts for fluorine with Brazil-wood paper. In the for- 
ceps fuses very easily, coloring the flame yellow. On the charcoal fuses easily to a clear bead, 
which on cooling beoomes opaque ; after long blowing, the assay spreads out, the sodium 
fluoride is absorbed by the coal, a suffocating odor of fluorine iB given off, and a crust of 
alumina remains, which, when heated with cobalt solution in O. F. , gives a blue color. Soluble 
In sulphuric acid, with evolution of hydrofluoric acid. 

Diff. — Distinguished by its extreme fusibility, and its yielding hydrofluoric acid in the open 
tube. 

Oba*— Occurs in a bay in Arksut-fiord, in West Greenland, at Evigtok, where it constitutes 
a large bed or vein in gneiss. It is used for making Boda, and soda and alumina salts ; also 
in Pennsylvania, for the manufacture of a white glass which is a very good imitation of 
porcelain. 

Chiolite.— G. =2*84-2*90. Na,AlF 9 (or 8NaF+AlF.). Chodnepfite.— G.= 3*01. Na 4 AI 
Fjo (or4NaF + A1F«) Romm. The two minerals are Alike in physical characters, occurring 
fal minute tetragonal pyramids ; both from Miaak. 
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2. HYDROUS FLUORIDES. 


FAOHNOLITE. Thomsenolite.* 

Monoclinic, with the lateral axe9 equal (“clino-qnadratic” Nordens 
kiold). c : b : d = 1*044 : 1 : 1 ; ^7 — 9*2° 30'. Prisms slender, 
a little tapering ; I horizontally striated. Cleavage : basal 
very perfect. Also massive, opal or chalcedony-like. 

U.— 2*5-4. (x.^2-929-3‘008, of crystals. Lustre vitreous, 

of a cleavage-face a little pearly, of massive waxy. Color 
white, or with a reddish tinge. Transparent to translucent. 

Comp.— NaaCajAlFn -f- 2aq, or 2NaF + 2CaF u + A1F 8 +■ 2aq = Fluorine 
51.28, aluminum 12*28, calcium 171)9, sodium 10'115, water 810 — 100. 

Pyr., etc. — Fuses more easily than cryolite to a clear glass. The massive 
decrepitates remarkably in the flame of a candle. In powder easily decom- 
posed by sulphuric acid. 

Obs. — Found incrasting the cryolite of Greenland, and a result of its 
alteration. The crystals often have an ochre-colored coating, especially the 
terminal portion; they are sometimes quite large, and have much the 
appearance of cryolite The mineral was first described by Knop, and though his descripticn 
of the crystals does nob agree with that given above, there seems to be no doubt that the 
material was the same, which has since been investigate d by Hagemann (dimetric pack noli te 
-=thomxenolite), Wohler (pyroconite) and Koenig, ns urgtd by the latter. 

Knop originally described two varieties of the mineral, to which he gave the name pachno- 
lite. The variety, A, appeared in large, cuboidnl crystals, with cleavage planes parallel to the 
faces, intersecting at angles of approximately 90'. These cleavage planes seemed to he con- 
tinued on into the mass of the cryolite on which the crystals were implanted. The Horond 
variety, B, was in small brilliant crystals, of prismatic form, grouped together often in par- 
allel position upon the cryolite (hence the name, from r ax^h front). The identity of the two 
varieties chemically was shown by the analyses of Knop and Wohler. The crystals of variety 
B, according to Knop, had 1 A /= 81° 24', etc. 

Knop has recently (Jahrb. Min., 1876, 849) suggested the possibility that the crystals of 
“ cryolite, 1 ' upon which Websky obtained the angles quoted on the preceding page, were really 
identical with variety A of pachmAitc. The crystallographic relation of the two species is not 
yet clearly made out. 

Akksutite, Haqemannite, Gearksutitb, all from Greenland ; and Prosopite, from 
Altenberg. — Fluorine minerals, related to those which precede, but whose exact nature is 
not yet known. 

Ralstonite (Brush ). — An hydrous aluminum fluoride, containing also a little magnesium 
and sodium. Occurs in minute regular octahedrons on the cryolite from Greenland. 
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V. OXYGEN COMPOUNDS. 


1. OXIDES of Metals of tiie Gold, Iron, oe Tin Groups. 

A. ANHYDROUS OXIDES, (a) Protoxides, RO(or R s O). 

OUPRITB. Bed Copper Ore. Rothkupfererz, Germ. 

Isometric (see figures on p. 17). Cleavage: octahedral. Sometimes 

cubes lengthened into capillary forms. Also 
massive, granular; sometimes earthy. 

II. = 3*5-4. G. = 5*85-6*15. Lustre ada- 
mantine or submetallic to earthy. Color red, 
of various shades, particularly cochineal-red *, 
occasionally crimson-red by transmitted light 
Streak several shades of brownish-red, sliin 
ing. Subtransparent — subtranslncent. Frao 
ture conchoidal, uneven. Brittle. 

Comp., Var. — Cu 2 0— Oxygen 11*2, copper 88 8=: 100 
Sometimes affords traces of selenium. (Jhnlcotrichitt 
is a variety which occurs in capillary or acicular crys- 
tallizations, which are cubes elongated in the direction 
of the octahedral axis. It also occurs earthy ; Tilt 
Ore (Ziegelerz Germ.). Brick-red or reddish-brown 
and earthy, often mixed with red oxide of iron ; some- 
times nearly black. 

Fyr, etc. — Unaltered in the closed tube. B.B. in the forceps fuses and colors the flame 
emeral d -green ; if previously moistened with hydrochloric acid, the color imparted to the 
flame is momentarily azure-blue from copper chloride. On charcoal first blackens, then fuses, 
and is reduced to metallic copper. With the fluxes gives reactions for copper oxide. Soluble 
In concentrated hydrochloric acid. 

Obs. — Occurs in Thuringia ; on Elba, in cubes ; in Cornwall ; in Devonshire ; in isolated 
crystals, in lithomarge, at Chessy, near Lyons, which are generally coated with malachite, 
etc. At the Somerville, and Flemington copper mines, N. J. ; at Cornwall, Lebanon Co., 
Pa. ; in the Lake Superior region . 

Hydhocupritk ( Qenth ). — A hydrous cuprite. Occurs in orange-yellow coatings on 
mrgnetite. Cornwall, Lebanon Co., Pa. 

ZINCITE. Red Zinc Ore. Rothzinkerz, Germ. 

IJexagonal. O A 1 = 118° 7'; c = 1*6208. In quartzoids w-itli truncated 
summits, and prismatic faces /. Cleavage: basal, eminent; prismatic, 
sometimes distinct. Usual in foliated grains or coarse particles and masses ; 
also granular. 

II. =4-4*5. G. =5*43-5*7. Lustre subadamantine. Streak orange-yel- 
low. Color deep red, also orange-yellow. Translucent — subtranslucent. 
Fracture subconchoidal. Brittle. 

Comp. — ZnO= Oxygen 19*74, zinc 80*26=100; containing manganese as an unessential 
Ingredient. The red color is due probably to the presence of manganese sesquioxide, cer- 
tainly not to scales of hematite. 
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Fyr., etc. —Heated in the closed tube blackens, but on cooling resumes the original color 
B.B. infusib.e ; with the fluxes, on the platinum wiro, gives reactions for manganese, and on 
oharcoal in R.F. gives a coating of zinc oxide, yellow while hot, and white on cooling. Tht 
coating, moistened with cobalt solution and treated in R.F., assumes a green color. Soluble 
in acids without effervescence. 

Obs. — Occurs with franklinite and also with calcite at Stirling Hill and Mine Hill, Sussex 
Oo.,N. J. 

Calcozincite. — Impure zincite (mixed with CaCOs, etc. ). Stirling Hill, N. J. 


TENORITE.* Melaconite. Schwarzkupfererz (Kupfcrschwarze), Germ. 

Orthorhombic (tenorite), crystals from Vesuvius. Earthv; massive; 
pulverulent (melaconite) ; also in shining flexible scales ; also rarely in 
cubes with truncated angles (pseudomorphous ?). 

H.=3. G.=6*25, massive (Whitney). Lustre metallic, and color steel or 

iron-gray when in thin scales; dull and earthy, with a black or grayish- 
black color, and ordinarily soiling the Angers when massive or pulverulent. 


Comp. — CuO=Oxygen 2015, copper 70 *85=100 

Fyr., etc. — B.B. in O.F. infusible; other reactions ns for cuprite (p. 244). Soluble in 
hydrochloric and nitric acids. 

Obs. — Fojind on lava at Vesuvius in minute scales; and also pulverulent (Scacchi, who 
uses the name melaconise for the mineral). Common in the earthy form (■ mdaconite ) about 
copper mines, as a result of the decomposition of chalcopyrite and other copper ores. Duck- 
town mines in Tennessee, and Keweenaw Point, L. Superior. 

Periclarite. — Essentially magnesium oxide, MgO, or more exactly (Mg,Fe)0, where 
Mg : Fe=20 ; 1, or 80 : 1. Mt. Somraa. 

Bukrenite. — NiO. Found at Johanngeorgenstadt. The compound MnO has been found 
recently in Worm land, in masses of a green color, and with cubic cleavage. See mangano- 
site, p. 481. . 

Massicot (Bleigliitte).— PbO, but generally impure. Badenweiler, Baden. Mexico. 
Austin’s mines, V a. 

Hydrargyrite. — HgO ; with Bordosite, AgCl + HgCl, at Los Bordos, Chili. 


(J) Sesqcioxides. General Formula ttO#. 
CORUNDUM.* 


Khombohedral. Ji A R = 80° 4', O A 1 (II) = 
Bcharof) ; c = 1*363. Cleavage: basal, some- 
times perfect, but interrupted, commonly im- 
perfect in the blue variety; rhombohedral, often 
perfect. Large crystals usually rough. Twins : 
composition-face Ii. Also massive granular or 
impalpable ; often in layers from, composition 
parallel to R. 

II. =9. G.=3*909-4TG. Lustre vitreous; 

sometimes pearly on the basal planes, and occa- 
sionally exhibiting a bright opalescent star of 
six rays in the direction of the axis. Color blue, 
red, yellow, brown, gray, and nearly wl ite ; 
streak uncolored . Transparen t — transl ucent. 
Fracture conchoidal — uneven. Exceedingly 
tough when compact. 


122° 20' ; (122° 25', Kok- 

462 468 




Comp M Var<~ Pure alumina A10i= Oxygen 46*8, aluminum 53*2=100. There are thro* 
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subdivisions of the species prominently recognized in the arts, and until eaily in this century 
regarded as distinct species ; but which actually differ only in purity and state of crystalliza- 
tion or 8tru ture. 

Yar. 1. Sapphire — Includes the purer kinds of fine colors, transparent to translucent, 
useful as gems. Stones are named according to their colors ; true Ruby, or Oriental Ruby , 
red; 0 Tojta a, yellow ; 0. Emerald , green ; 0. Amethyst, purple. 

2. Corundum. — Includes the kinds of dark or dull colors and not transparent, colors light 
blue to gray, brown, and black. The original adamantine spar from India has a dark gray- 
ish smoky-brown tint, but greenish or bluish by transmitted light, when translucent, and 
either in distinct crystals often large, or cleavable-massive. It is ground and ui-ed as a polish- 
ing material, and being purer, is superior in this respect to emery. It was thus employed in 
ancient times, both in India and Europe. 

8. Emery, Schmirgel, Germ . — Includes granular corundum, of black or grayish- black 
color, and contains magnetite or hematite intimately mixed. Feels and looks much like a 
black fine-grained iron ore, which it was long considered to be. There are gradations from the 
evenly fine-grained emery to kinds in which the corundum is in distinct crystals. This last 
is the case with part of that at Chester, Massachusetts. 

Pyr., etc. — B.B. unaltered ; slowly dissolved in borax and salt of phosphorus to a clear 
glass, which is colorless when free from iron ; not acted upon by soda. The finely pulverized 
mineral, after heating with cobalt solution, gives a beautiful blue color. Not acted 
upon by acids, but converted into a soluble compound by fusion with potassium bisulphate 
or soda. Friction excites electricity, and in polished specimens the electrical attraction con- 
tinues for a considerable length of time. 

Diff. — Distinguished by its hardness, scratching quartz and topaz ; its infusibility and its 
high specific gravity. * 

Obs. — This species is associated with crystalline rocks, as granular limestone or dolomite, 
gneiss, granite, mica slate, chlorite slate. The fine sapphires are usually obtained from the 
beds of rivers, either in modified hexagonal priBinB or in rolled masses, accompanied by grains 
of magnetic iron ore, and several species of gems. The emery of Asia Minor, according to 
Dr. Smith, occurs in granular limestone. 

Sapphires occur in Ceylon ; the East Indies ; China Corundum, at St. Gothard ; in Pied- 
mont ; Urals ; Bohemia. Emery is found in large boulders on some of the Grecian islands ; 
also in Asia Minor, near Ephesus, etc. In N. America, in Massachusetts, at Chester, corun- 
dum and emery in a large vein; also in Westchester Co., N. Y. In New York , at Warwick 
and Amity. In Pennsylvania , in Delaware Co., and Chester Co. In western N. Carolina , 
at many localities in large quantities, and sometimes in crystals of immense size. In Georgia , 
in Cherokee Co. In California , in Los Angeles Co. ; in the gravel on the Upper Missouri 
River in Montana. 


HEMATITE. Specular Iron. Eisenglanz, Rotheisenerz, Germ. 

Rhomboliedral. R A R = S«° ' 10', OhR= 122° 30' ; c = 1 -3591. 
O A -|-2 = 118° 53', 0 A l 8 = 103° 32, R A f 2 = 154° 2'. Cleavage : par- 
allel to R and 0/ often indistinct. Twins: twinning-plane R ; also 0 
465 466 468 469 



Vesuvius. Elba. Elba. 


(f. 267, p. 91). Also columnar — granular, botryoidal, and stalactitic shapes ; 
also lameliar, laminae joined parallel to O , and variously bent, thick oi 
thin ; also granular, friable or compact. 
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H.=.5 # 5-6*5. G.=4*5-5*3 ; of some compact varieties, as low as 4*2 
Lustre metallic and occasionally splendent ; sometimes Earthy. Color dark 
steel-gray or iron-black; in very thin particles blood-red by transmitted 
light; when earthy, red. Streak cherry-red or reddish-brown. Opaque, 
except when in very thin laminae, which are faintly translucent and blood- 
red. Fracture subconchoidal, uneven. Sometimes attractable by the 
magnet, and occasionally even magpetipolar. 

Comp., Var. — Iron sesquioxide, FeO s =: Oxygen 30, iron 70—100. Sometimes containing 
titanium and magnesium. 

The varieties depend on texture or state of aggregation, and in some cases the presence * 
impurities. 

Var. 1. Specular. Lustre metallic, and crystals often splendent, whence the name ftjwcvlar 
iron. ( b ) When the structure is foliated or micaceous, the ore is called mi&wcou* hematite 
(Eiscnglimmer). 2. Compact columnar ; or fibrous. The masses often long radiating ; lustre 
submetallic to metallic ; color brownish-red to iron-black. Sometimes called rd hematite, 
the name hematite among the older mineralogists including the fibrous, sralactitic, and other 
solid massive varieties of this species, limonite, and turgite. 3. lied Ochre/ms. Red and 
earthy. Often specimens of the preceding are red oclireous on some parts lied die and mi 
chalk are red ochre, mixed with more or Jess clay. 4. Clay Iron- done. ; A ryUlaceous hematite. 
Hard, brownish-black to reddish-brown, heavy stone ; often in part deep-red ; of submetallic 
to unmetal lie lustre ; and affording, like all the preceding, a red streak. It consists of iron 
sesquioxide Avith clay or sand, and sometimes other impurities. 

Pyr, etc.— B. 15. infusible ; on charcoal in It. P. becomes magnetic; with borax in O.F. 
gives a bead, which is yellow while hot and colorless on cooling; if saturated, the bead 
appears red while hot and yellow on cooling ; in It If. gives a bottle-green color, and if treated 
on charcoal with metallic tin, assumes a vitriol-green color. With soda on charcoal in U.F. 
is reduced to a gray magnetic metallic powder. Soluble in concentrated hydrochloric acid. 

J3iif. — Distinguished from magnetite by its red streak, also from limonite by the same 
means, as well as by its not containing water ; from turgite by its greater hardness and by 
its not decrepitating B.B. It is hard ; and inj'mtib/e. 

Obs. — This ore occurs in rocks of all ages. The specular variety is mostly confined to crys- 
talline or metainorphic rocks, but is also a result of igneous action about some volcanoes, aa 
at Vesuvius. Traversella in Piedmont; the island of Elba, afford fine specimens; also St. 
Gothard, often in the form of rosettes \lHincnrme , and Gavradi in Tavetsch ; and near Limoges, 
France. At Etna and Vesuvius it is the result of volcanic action. Arendal in Norway, Long- 
ban in Sweden, Framont in Lorraine, Duuphiny, also Cleator Moor in Cumberland, are other 
localities. 

In JV. America , widely distributed, and sometimes in beds of vast thiekness in rocks of the 
Archaean age, as in the Marquette region in northern Michigan ; and in Missouri, at the Pilot 
Knob ami the Iron Mtn. ; in Arizona and New Mexico. Some of the localities, interesting 
for their specimens, are in northern New Yolk, etc.; Woodstock and Aroostook, Me.; at 
Hawley, Muss. ; at Piermont, X. H. 

This ore affords a considerable portion of the iron manufactured in different countries. The 
varieties, especially the specular, require a greater degree of heat to melt than other ores, 
but the iron obtained is of good quality. Pulverized rf*l hematite is employed in polishing 
metals, and also as a coloring material. The fine-grained lrmssive variety from England 
(bloodstone , showing often beautiful c onchoidal fracture, is much used for burnishing metals. 
Bed ochre is valuable in making paint. 

Mahtite is iron sesquioxide under an isometric form, occurring in octahedrons or dodeca- 
hedrons like magnetite, and supposed to be pscudomorphous, mostly after magnetite. H. = 
6-7. G. =4 809-4 '832, Brazil, Breith. ; 5*33, Monroe, N. Y., Hunt. Lustre submetallic. 
Color iron- black, sometimes with a bronzed tarnish. Streak reddish-brown or purplish-brown. 
Fracture conchoidal. Not magnetic, or only feebly so. The crystals are sometimes imbed- 
ded in the massive sesquioxide. They are d istinguished from magnetite by their red streak, 
and very feeble, if any, action on the magnetic needle. 

Found in Vermont at Chittenden; in the Marquette iron region south of L. Superior; 
Bass lake, Canada West ; Digby Neck, Nova Scotia ; at Monroe, N. Y. ; in Moravia, neai 
Schdnberg, in granite. 


MENAGCANTTB.* Ilmenite. Titanic Iron Ore. Tifcaneisen, Oerm. 
Rhombohedral ; tetartohedral to the hexagonal type. It A It = 85° 80 / 
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56" (Koksch.), c = 1*38458. Angles nearly as 

cleavage parallel with 


470 



choidal. Influences slightly the magnetic needle. 


in hematite. Often a 
the terminal plane, but 
probably clue to planes of composition. Crystals 
usually tabular. Twins: t winning-plane 0\ 
sometimes producing, when repeated, a form 
resembling f. 468. Often in thin plates or 
laminae; massive; in loose grains as sand. 

11. = 5-6. # G. =4*5-5. Lustre submetallic. 
Color iron- black. Streak submetallic, powder 
black to brownish-red. Opaque. Fracture con- 


Oomp., Var. — (Ti,Fe) 2 0 3 (or hematite, with part of the iron replaced by titanium), the pro 
portion of Ti to Fe varying. Mosander assumes the proportion of FeO : TiO a to be always 
1:1, and that in addition variable amounts of FeO a are present in the different varieties. 
The extensive investigations of Rammelsberg have led him to write the formula like Mosan- 
der (FeO,Ti0 2 )-hnFeO* (notice here that FeO,Ti0 2 =RO a ). This method has the advantage 
of explaining the presence of the magnesium, occurring sometimes in considerable amount, it 
replacing the iron (FeO). The first formula given requires the assumption of Mg-,0 3 . Friedel 
and Guerin have recently discussed the same subject (Ann. Gh. Phys., V., viii., 38, 1870). 

Sometimes contains manganese. The varieties recognized arise mainly from the proportions 
of iron to titanium. No satisfactory external distinctions have yet been made out. 

The following analyses wiU illustrate the wide range in composition : 



Ti0 2 

FeO a 

FeO 

MnO 

MgO 

1 . 

Ilmen Mts. , lime) die 40 *92 

10*74 

87*80 

2*78 

1*14—00*39, Mosander. 

2. 

Suarum 10*02 

77*17 

8*52 

— 

1*33, A 10 a 1*40=98*50, Ramm. 

8 . 

Warwick, N. Y. 57*71 

— 

20*82 

0*00 

13*71=09*14, Ramm. 

Pyr., etc. — B.B. infusible in OF. although slightly rounded on the edges in R. F. With 


borax and salt of phosphorus reacts for iron in O.F. , and with the latter tiux assumes a more 
or less intense brownish-red color in lt.F. *, this treated with tin on charcoal changes to a 
violet-red color when the amount of titanium is not too small. The pulverized mineral, 
heated with hydrochloric acid, is slowly dissolved to a yellow solution, which, filtered from 
the undecomposed mineral and boiled with the* addition of tin-foil, assumes a beautiful blue 
or violet color. Decomposed by fusion with sodium or potassium bisulphate. 

Diff. — Resembles hematite, but has a submetallic, nearly black, streak. 

Oba.— Some of the principal European localities of this species are : Kragerde, Egersund, 
Arendal, Norway; Uddewalla, Sweden; Ilmen Mts. {ilmadtc ) ; Iserwiese, Riesengebirge {uter- 
ine)', Aschaffenburg ; Eisenach; St. Crist ophe (crichtonitc). 

Occurs in Warwick, Amity, and Monroe, Orange Co., N. Y. ; also near Edenville ; at Ches- 
ter and South Itoyalston, Mass. ; at Ray St. Paul in Canada; also with labradorite at Chateau 
Richer. Grains ore found in the gold sands of California. 


PEROFSKITR* 

Isometric, Rose (fr. Ural). Ilabit cubic, with secondary planes incom- 
pletely developed ; in cubes, octahedrons, and cu bo-octahedrons, from 
Arkansas. Twins: t winning-plane octahedral, Magnet Cove, Ark.; also 
like f. 276, p. 93, Achmatovsk. Cleavage: parallel to the cubic faces 
rather perfect. 

II. =5*5. G.=4*02-4*04. Lustre metallic — adamantine. Color pale 

! ?ei low, honey-yellow, orange-y el low, reddish-brown, grayish-black to iron- 
flack. Streak colorless, grayish. Transparent to opaque. Double refract* 
mg. 
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Oomp. - (Ca-pTi)0*=RO»=Titanic oxide 59 4, lime 40 0=100. 

*3^-1 e ^°’ — the forceps and on charcoal infusible. With salt of phosphorus in O.P. dis 
wolves easily, giving a bead greenish while hot, which becomes colorless on cooling; in R.F. 
the bead changes to grayish-green, and on cooling assumes a violet-blue color. Entirely de- 
composed by boiling sulphuric acid. 

Obs.— Occurs at Achmatovsk. in the Ural ; in the valley of Zermatt ; at Wihlkreuzjoch 
in the Tyrol. Also at Magnet (ove, Arkansas. 

DesCloizeaux has found that the yellow crystals from Zermatt have a complex twinned 
structure, and are optically biaxial. Kokscharof, in his latest investigations, has shown that 
the Russian specimens also exhibit phenomena in polarized light analogous to those of biaxial 
crystals, though irregular. He proves, however, that crystallographically the crystals ex- 
amined by him were unquestionably isometric, and adds also that almost all the Russian 
perofskite crystals are penetration -twins. The latter fact explains the commonly observed 
striations on the cubic planes, as also the incompleteness in the development of the other 
forms. He refers the optical irregularities to the want of homogeneity in the crystals. Dus- 
Cloizeaux speaks of inclosed lamell® of a doubly-refracting substance analogous to the para- 
site in boracite crystals (p. 17(1). 

Hydkotitanitk. — A decomposition-product of perofskite crystals from Magnet Cove, 
Arkansas. Form retained but color changed to yellowish-gray (Koenig). 


(c) Compounds of Protoxides and Sesquioxides,* RK0 4 (or RO-flfcO,). 

Spinel Group. Isometric ( Octahedral ). 

SPINEL. 

Isometric. Habit octahedral. Faces of octahedron sometimes convex. 
Cleavage: octahedral. Twins: twinningplane 1. 

II. = 8. G. = 3*5-4:*l. Lustre vitreous ; splendent — 
nearly dull. Color red of various shades, passing into 
blue, green, yellow, brown, and black; occasionally 
almost white. Streak white. Transparent- — nearly 
opaque. F racture conchoidal. 

Comp., Var. — The spinels proper have the formula MgA10 4 (=Mg0 
-h A10 3 ), or in other words contain chiefly magnesium and aluminum, 
with the former replaced in part by iron (Fe), calcium (Ca), and man- 
ganese (Mn) ; and the latter by iron (Fe). There is hence a grada- 
tion into kinds containing little or no magnesium, which stand us 
distinct species, viz., llercynite and Gahnite . Mg A 10 4= Alumina 
72. magnesia 28=100. 

Yar. 1. Ruby, or Magnesia Spine ?. — Clear red or reddish; transparent to translucent; 
sometimes subtranslucent. G.=3'5 2-8*58. Composition MgA10 4 , with little or no Fe, and 
sometimes chromium as a source of the red color. 2. Gey Ionite, or Iron-Magnesia Sjnnel. 
Color dark-green, brown to black, mostly opaque or nearly so. (*. =3 •5-8*0. Composition 
MgAl0 4 + Fe V10 4 . Sometimes the Al is replaced in part by Fe. 8. Picotite. Contains over 
7p c. of chromium oxide. Color black. Lustre brilliant. G.=4'08. The original was 
from a rock occurring about L. Lherz, called Lherzolite. 

Pyr., etc. — B.B. alone infusible; the red variety turns brown, and even black and 
opaque, as the temperature increases, and on cooling becomes first green, and then nearly 
ooloiless, and at last resumes the red color. Slowly soluble in borax, more readily in salt of 
phosphorus, with which it gives a reddish bead while hot, becoming faint chrome- green on 



* The compounds here considered are sometimes regarded as salts of the acid*. HsRO* 
that is, as alwninates, ferrates, etc. 
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cooling. The blaok varieties give reactions for iron with the flaxes. Soluble with difficulty 
in concentrated sulphuric acid. Decomposed by fusion with sodium or potassium bisulphate. 

Diff. — Distinguished by its octahedral form, hardness, and infusibility; magnetite is 
attracted by the magnet, and zircon has a higher specific gravity. 

Obs. — Spinel occurs imbedded in granular limestone, and with calcite in serpentine, gneiss, 
and allied rocks. It also occupies the cavities of masses ejected from some volcanoes, e.g., 
Mt. Somma. 

Fine spinels are found in Ceylon ; in Siam, as rolled pebbles in the channels of rivers. 
Oocur at Aker in Sweden ; also at Monzoni in the Fassathal. 

* From Amity, N. Y., to Andover, N. J., a distance of about 30 miles, is a region of granular 
limestone and serpentine, in which localities of spinel abound ; numerous about Warwick, 
and at Monroe and Cornwall. Franklin, Sterling, Sparta, Hamburgh, and Vernon, K J., 
are other localities. At Antwerp, Jefferson Co., N. Y. ; at Bolton and elsewhere in Moss. 

Hkhcyntte. — FeAlOi (or FeO + A10 3 ). Color black. Massive. Bohemia. 

Jacobsitk ( Damour ). — RH0 4 , or (Mn,Mg) (Fe,Mn)0 4 . Color deep black. Occura in dia« 
torted octahedrons (magnetic) in a crystalline limestone at Jacobsberg, Sweden. 


GAHNTTE. Zinc Spinel. 

Isometric. In octahedrons, dodecahedrons, etc., like spinel. 

II. =7-5-8. G.=4-4*t>. Lustre vitreous, or somewhat greasy. Color 

dark green, grayish-green, deep leek-green, greenish- black, bluish-black, 
yellowish- or grayish-brown ; streak grayish. Subtranslueent to opaque. 

Comp.,Var. — Zn A10 4 = Alumina G1 *3, oxide of zinc 387= 100; with little or no magnesium. 
The zinc sometimes replaced in small part by manganese or iron (Mn,Fe), and the aluminum 
in part by iron (fe). 

Var. 1. Automolite, or Zinc Qahnite ; with sometimes a little iron. G. =4-1-40. Colors as 
above given. 2. Dyxlmte , or Zinc- 3 f anga nese- Iron Qahnite. Composition (Zn.Fe,Mn) 
(Al,Fe)0 4 . Color yellowish-brown or grayish-brown. G. =4-4 6. Form the octahedron, or 
the same with truncated edgeB. 3. Kreittonite , or Zinc- Iron Qahnite. Composition (Zn, 
Fe,Mg)(Al,Fe ; 0 4 . Occurs in crystals, and granular massive. H.=7-8. G. =448-480. 
Color velvet to greenish- black ; powder grayish-green. Opaque. 

Pyr., etc. — Gives a coating of zinc oxide when treated with a mixture of borax and soda 
on charcoal. Otherwise like spinel. 

Obs. — Automolite is found at Fahlun, Sweden ; Franklin, N. Jersey ; Canton mine, Ga. ; 
Dyduite at Sterling, N. J. ; Kreittonite at Bodenmais in Bavaria. 


MAGN JuTiTJEl. Magnetic Iron Ore. Magneteisenstein, Magneteisenerz, Germ. 

Isometric* The octahedron and dodecahedron the most common forms. 



474 
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Haddam. 


b'ig. 475 is a distorted dodecahedron. Cleavage : octahedral, perfect tc 
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Jnri]>erfect. Dodecahedral faces commonly striated parallel to the longer 
diagonal. Twins : twinning-plane, 1 ; also in dendrites, branching at angles 
of 60° (f. 277, p. 93). Massive, structure granular — particles of various 
sizes, sometimes impalpable. 

II.=5*5-(>*5. (t.=4*9-5*2. Lustre metallic — submetallic. Color iron 

black ; streak black. Opaque ; but in mica sometimes transparent or 
nearly so ; and varying from almost colorless to pale smoky-brown and 
black. Fracture subconchoidal, shining. Brittle. Strongly magnetic, 
sometimes possessing polarity. 


Comp., Var. — FeFeCK (or Fe»0!)=FeO 4- FeO* = Oxygen 27*6, iron 72*4=100 ; or iron ses- 
quioxide G8 *97, iron protoxide 3103=100. The iron sometimes replaced in small part by 
magnesium. Also sometimes titaniferoua 

From the normal proportion of Fe to Fe, 1:1, there is occasionally a wide variation, and 
thus a gradual passage to the sesquioxide Fc0 3 ; and this fact may be regarded as evidence 
that the octahedral FeO s , martite, is only an altered magnetite. 

Pyr., etc. — B. B. very difficultly fusible. In O.F. Iobch its inlluence on the magnet. With 
the fluxes reacts like hematite. Soluble in hydrochloric acid. 

Diflf. — Distinguished from other members of tho spinel group, as also from garnet, by its 
being attracted by the magnet, as well ns by its high specific gravity. Also, when massive, 
by its black streak from hematite and limonite. 

Obs. — Magnetite is mostly confined to cryst.'illine rocks, and is most abundant in metamor- 
phic rocks, though found also in grains in eruptive rocks. In tho Archaean rooks the beds are 
of immense extent, and occur under the same conditions oti those of hematite. It is an ingre- 
dient in most of the massive variety of corundum called emery. The earthy magnetite is 
found in bogs like bog-iron ore. 

Extensive deposits occur at Arendal, Norway ; Dannemora and the Tiiberg in Smnoland; 
in Lapland. Fahlun in Sweden, and Corsica, afford octahedral crystals. 

In N. America, it constitutes vast beds in the Archaean, in the Adirondack region, in 
Northern N. York ; also in Canada ; at Cornwall in Pennsylvania, and at Magnet Cove, 
Arkansas. Also found in Putnam Co. (Tilly Foster Mine), N. Y., etc. In Conn., at lladdain. 
In Penn., at Chester Co. ; in mica at Pcnnsbury. In California , in Sierra Co. ; in Plumas 
Co., and elsewhere. In AT. Scotia , Digby Co., Nicholas Mt. 

Magnksiofekiute { magnoferrite ). — MgFe0 4 . In octahedrons; resembling magnetite. 
Vesuvius. 


FRANK LINITB. 

Isometric. Habit octahedral. Cleavage : octahedral, indistinct. Also 
massive, coarse or fine granular to compact. 

H.=5*5-6*5. G.=5*069. Lustre metallic. Color iron-black. Streak 

dark reddish-brown. Opaque. Fracture conchoidal. Brittle. Acts slightly 
on the magnet. 

Comp. — (Fe,Zn,Mn) (Fe,Mn) 04 , or corresponding to the general formula of the spinel 
group, though varying much in relative amounts of iron, zinc, and manganese. Analysis, 
Sterling Hill, N. J., *Fe0 3 07*42, *10, 0 05, FeO 15*05, ZnO 0*78, MnO 9*53=100 12, Seyms. 
Q. ratio for B : ft=l : 1 nearly. In a crystal from Mine HiU, N. J., Seyms found 4*44 p. c. 
MnO*. 

The evolution of chlorine in the treatment of the mineral is attributed by v. Kobell to the 
presence of a little MnO* (0.80 p. c.) as mixture, which Rammelsberg observes may have 
come from the oxidation of some of the protoxide of manganese. 

Pyr., eto.-— B.B. infusible. With borax in O.F. gives a reddish amethystine bead (man- 
ganese), and in R.F. this becomes bottle-green (iron). With soda gives a bluish-green man- 
ganate, and on charcoal a faint coating of zinc oxide, which is much more marked when a 
mixture of borax and soda is used. Soluble in hydrochloric acid, with evolution of a small 
amount of chlorine. 

Uiff. — Resembles magnetite, but is only slightly attracted by the magnet ; It also reacts 
for sine on charcoal B.B. 

18 
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Ob®. — Occurs in cubic crystals near Eibach in Nassau ; in amorphous masses at A 1 ten be r#. 
near Aix la Chapelle. Abundant at ‘Hamburg, N. J., near the Franklin furnace; also at 
Stirling Hill, in the same region. 


CHROMITE .* Chromic Iron. Chromeisenstein, Oerm. 

Isometric. In octahedrons. Commonly massive; structure fine granu- 
lar or compact. 

II. =5*5. Gr.=4*321-4 , 568. Lustre subinetallic. Streak brown. Color 
between iron-black and brownish-black. Opaque. Fracture uneven. 
Brittle. Sometimes magnetic. 

Comp. — FeGr0 4 , or (Fe,Mg,Cr) (Al,Fe,€r)0 4 . Fe6rO«=Iron protoxide 32, chromium ses* 
quioxido 08=100. Magnesia is generally present, and in amounts varying from 0-24 p. c. 

Pyr., eto. — B.B. inO.F. infusible; in R.F. slightly rounded on the edges, and becomes 
magnetic. With borax and salt of phosphorus gives beads, which, while hot, show only a 
reaction for iron, but on cooling become chrome-green ; the green color is heightened by 
fusion on charcoal with metallic tin. Not acted upon by acids, but decomposed by i'usicn 
with potassium or sodium bisulphate. 

Diff. — Distinguished from magnetite by the reaction for chromic acid with the blowpipe. 

Obs. — Occurs in serpentine, forming veins, or in imbedded masses. It assists in giving the 
variegated color to verde-autique marble. Also occurs in meteorites. 

Occurs in Syria ; Shetland ; in Norway ; in the Department du Yar in France ; in Silesia 
and Bohemia ; in the Urals; in New Caledonia. At Baltimore, Md., m the Bare Hills ; at 
Cooptown. In Pennsylvania, in Chester Co. ; at Wood’s Mine, near Texas, Lancaster Co., 
etc. Chester, Mass. In California, in Monterey Co., etc. 

This ore affords the chromium oxide, used in painting, etc. The ore employed in England 
is obtained mostly from Baltimore, Drontheim in Norway, and the Shetland Isles. 

ClIKOMPICOTlTE (Petersen). — A magnesian chromite. Color black. New Zealand. 


Uraninite* (Pitchblende ; Uranpeoherz, Oerm .). — U a 06(U0 a +2U0»). Massive. Black. 
Baxony, eto. 


CHRYSOBBRYL. 


Orthorhombic. I A /= 129 ( 


Norway, Me. 


38', 0 A 14 = 129° 1 ' ; c : l : & = 1-2285 : 
2-1267:1. «Al = 186 0 52',*4A 



Plane i-i vertically striated ; and 
sometimes also and other verti- 
cal planes. Cleavage: 1 -l quite 
distinct; i-l imperfect; i-l more 
so. Twins: twinning-plane 3-£, as 
in f. 477 (see p. 97), made up of 6 
parts by the crossing of 3 crystals. 

II. =8*5. G.=3*5-3*S4. Lustre 
vitreous. Color asparagus-green, 
grass-green, emerald-green, green- 
ish-white, and yellowish-green, 
sometimes raspberry or columbine-red by transmitted light. Streak uncol- 
ored. Transparent — translucent. Sometimes a bluish opalescence inter* 
nally. Fracture conclioidal, uneven. 


Alexandrite. 
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Var. 1. Oi'dinary . — Color pale green, being colored by iron. G. =3.597, Haddnm ; 3 734 
Brazil; 3*680, Ural, Rose; 8*835, Orenburg, Kokscharof. 2. Alexandrite. — Color emerald- 
green, but columbine-red by transmitted light. G. =3*044, mean of results, Koksclmrof. 
Supposed to be colored by chrome. Crystals often very large, and in twins, like f. 477, 
either six-sided or six-rayed. 

Comp Be A10 4 = Alumina 80*2, glucina 10*8 = 100. Iron is also often present, though not 

in the transparent varieties. Isomorphous with chrysolite. 

Pyr., etc. — B. B. alone unaltered ; with soda, the surface is merely rendered dull. With 
borax or salt of phosphorus fuses with great difficulty. With cobalt solution, the powdered 
mineral gives a bluish color. Not acted upon by acids. 

Diff. — Distinguished by its extreme hardness, greater than that of topaz ; and its infusi- 
bility ; also characterized by its tabular crystallization, in contrast with beryl. 

Obs. — In Brazil and also Ceylon ; at Marcliondorf in Moravia ; in the Ural ; in the Mourno 
Mts , Ireland; at Haddara, Ct. ; at Norway, Me. 

When transparent, and of sufficient size, chrysoberyl is cut with facetB, and forms a beauti- 
ful yellowish-green gem. If opalescent, it is usually cut en cabochon. 


(i d ) Peptoxides, RO*. 

Rutile Group . Tetragonal . 

OASSITERITB. Tin Stone. Zinnstein, Zinnerz, Germ, 

Tetragonal. O A 1-i = 146° 5' ; c = 0*0724. 1 A 1, pyr., — 121° 40' ; 

/Al = 133° 34'; 1-i A 1-i, pyr., = 133° 31'. Cleavage: 1 and i-i hardly 
distinct. Twins: f. 478, twinning-plane 1-i; producing often complex 
forms through the many modifying planes ; sometimes repeated parallel to 
all the eight planes 1-i; also f. 480, a mefcagenic twin. Often in reniform 
shapes, structure fibrous divergent ; also massive, granular or impalpable. 


478 479 480 



H.=6-7. G.=6*4—7*l. Lustre adamantine, and crystals usually splen- 
dent. Color brown or black ; sometimes red, gray, white, or yellow. 
Streak white, grayish, brownish. Nearly transparent — opaque. Fracture 
subconchoid al, uneven. Brittle. 

Var. — 1. Ordinary , Tin stone. In crystals and massive. G. of ordinary cryst. 6*96; of 
colorless, from Tipuaxii R., Bolivia, 6*832, Forbes. 2. Wood Tin (Holz-Zinn, Germ.), Is 
botryoidal and reniform shapes, concentric in structure, and radiated fibrous internally 


276 


DESCRIPTIVE MINERALOGY. 


although very compact, with the color brownish, of mixed shades, looking somewhat like drj 
wood in its colors. G. of one variety 6 '514. Stream tin is nothing but the ore in the state 
of sand, as it occurs along the beds of streams or in the gravel of the adjoining region. 
It has been derived from tin veins or rocks, through the wear and decomposition of the rocks 
and transportation by water. 

Oomp. — Sn0 2 =Tin 78*0, oxygen 21 , 4=100. 

Fyr., etc. — B.B. alone unaltered. On charcoal with soda reduced to metallic tin, and 
gives a white coating. With the fluxeB sometimes gives reactions for iron and manganese, 
and more rarely for tantalic oxide. Only slightly acted upon by acids. 

-Distinguished by its high specific gravity, its infusibility, and by its yielding metallic 
tin B.B. from some varieties of garnet, sphalerite, and black tourmaline, to which it has 
some resemblance. Specific gravity (6 ’5) higher than that of rutile (4). 

Obs. — Tin ore is met with in veins traversing granite, gneiss, mica schist, chlorite or clay 
schist, and porphyry. Occurs in Cornwall ; in Devonshire ; in Bohemia and Saxony ; at 
Limoges ; also in Galicia ; Greenland ; Sweden, at Finbo ; Finland, at Pitkaranta. In the 
E. Indies ; in Victoria and New South Wales ; in large quantities in Queensland. In Bolivia, 
S. A. ; in Mexico. 

In the United States, rare : in Maine , at Paris ; in N. Uamp. , at Lyme ; in California, in 
San Bernardino Co. ; in Idaho , near Boonville. 


RUTILE* 


Tetragonal. O A 1 -i = 147° 12£', c == 0*6442. 1 A 1, pyr., = 123° 

/A 1 = 132° 20'. Cleavage: / and i-i, distinct; 1, in traces. Vertical 
planes usually striated. Crystals often acicular. Twins: (1) twinning-plane 
1 -i (see p. 94). (2) 3 -i, making a wedge-shaped crystal consisting of two 

individuals. (3) 1 -i and 3 -i in the same crystal (fr. Magnet Cove, Ilessen- 
berg). Occasionally compact, massive. 



H.=6-6*5. G.=4*18-4*25. Lustre metallic-adamantine. Color red- 

dish-brown, passing into red ; sometimes yellowish, bluish, violet, black ; 
rarely grass-green. Streak pale brown. Subtransparent — opaque. Frac- 
ture subconchoidal, uneven. Brittle. 


Oomp., Var. — Titanic oxide, TiO*= Oxygen 39, titanium 61 — 100. Sometimes a little iron 
ia present. 

Pyr., etc. — B.B. infusible. With salt of phosphorus gives a colorless bead, which in R.F. 
assumes a violet color on cooling. Most varieties contain iron, and give a brownish-yellow 
or red bead in R.F., the violet only appearing after treatment of the bead with metallic tin 
on charcoal. Insoluble in acids ; made soluble by fusion with an alkali or alkaline carbonate. 
The solution containing an excess of acid, with the addition of tin-foil, gives a beautiful 
violet-ooior when concentrated. 
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Dift Characterized by its peculiar sub -adamantine lustre, and brownish-red color. Differs 
ftom \ ormaline, vesuvianite, augite in being entirely unaltered when heated alone B.B, 
SpecifU gravity about 4, cassiterite 0*5. 

OW -Rutile occurs in granite, gneiss, mica slate, and syenitio rocks, and sometimes in 
graDula** limestone and dolomite. It is generally found in imbedded crystals, often in masses 
of quartz or feldspar, and frequently in aeicular crystals penetrating quartz. Very commonly 
implanted in regular position upon crystals of hematite, as from Cavradi in the Tavetsehthal. 
Occurs in Norway; Finland ; Saualpe, Carinthia; in the Urals ; in the Tyrol ; at St. Gotliard 
near Freiberg ; at Oklapian in Transylvania. 

In Maine, at Warren. In Vermont t at Waterbury and elsewhere. In Mans . , at Barre , 
Shelburne ; Sheffield. In Conn . , at Lane’s mine, Monroe. In N. York , in Orange (Jo. ; 
Edenville ; Warwick. In Penn ., Chester Co. In N. Car ., at Crowder’s Mountain. In 
Georgia , in Habersham Co. ; in Lincoln Co., at Graves’ Mountain. In Arkansas, at Magnet 
Cove. 

Titanium oxide is employed for a yellow color in painting porcelain, and also for giving the 
requisite tint to artificial teeth. 


OOTAHEDRITE .* Anatase. 


484 
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Binnenthal. 


Tetragonal. O Al-i = 119° 22'; c = 1*77771. Commonly octahedral 
or tabular. 1 A 1, pyr., = 

97° 51'. / Al = 158° 18'. 

Cleavage: 1 and O, per- 
fect. 

11. =5*5-6. G.=3*82- 

3*95; sometimes 4*11-4*10 
after heating. Lustre 
metallic-adamantine. Col- 
or various shades of brown, passing into indigo-blue, 
and black ; greenish-yellow by transmitted light. 

Streak uncolored. Fracture subccmchoidal. Brittle. 

Oomp. — Like rutile and brookite, pure titanic oxide. 

Pyr., etc. — Same as for rutile. 

Obs. — Abundant at Bourg d’Oisans, in Dauphiny ; also in the Bin- 
nenthal (including here Kenngott’s wiseiine, f. 484. as shown by Klein. Jahrb. Min., 1875, 
337); at Ptitsch Joch, Tyrol; near Hof in the Fichtelgebirge ; Norway; the Urals; in 
Devonshire, near Tavistock ; at Tremadoc, in North Wales ; in Cornwall ; in Brazil in quartz. 
In the U. States, at Smithfield, R. I. 

Hausmannite. — Mn 3 0 4 =2Mn0,Mn0 a . Tetragonal, 0 A l-» =130° 25'. Color brownish - 
black. Thuringia ; Harz, etc. 

Bra unite.— 2(2MnO,MnO,)-hMnOa,SiO i . Tetragonal, 0Al-£=185° 20'. Color dark 
brownish-black. Thuringia: Norway, etc. 

Minium (Mennige, Germ.). — Pb»04=Pb0 a +2Pb0. Badenweiler; Wythe Co., Va., etc. 



BROOKITE.* 

Orthorhombic (?). I A 7=99° 50' (-100° 50'): O A 1-5 =131° 42'; 
i t $ : d =. 1*1620 : 1*1883 : 1. Cleavage : /, indistinct ; 0, still more so. 

H.=5*5-6. G.=4*12-4*23, brookite; 4*03-4*085, arkansite. Hair-brown, 
Yellowish, or reddish, with metallic adamantine lustre, and translucent 
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(brookite); also ircm-black, opaque, and submetallic (arkaneite). Streak 
oncolored — grayish, yellowish. Brittle. 

486 48? 488 





Comp.—- Pure titanic oxide, TiO a , like rutile and octahedrite. 

Py r -> etc. — Same as for rutile. 

Obs — Brookite occurs at Bourg d’Oisans in Dauphiny ; at St. Gothard ; in the Urals, near 
Miask ; in thick black crystals ( arkantdte f. 48(1) at Magnet Cove, Arkansas, sometimes altered 
to rutile by paramorplmm; at Ellenville, Ulster Co., N. Y. ; at Paris, Maine. 

Schrauf has announced (Atlas Min., Reich. IV.) that he has found brookite to be monocline 
(and isornorphous with wolframite). He distinguishes three types having different axial 
relations. The measurements of v. Rath, however, seem to show that in part it must be 
ortho i homhic. 

Eumanite. — From Chesterfield, Mass., may be identical with brookite. 


PYROLiUSITE.* Polianite. 


Orthorhombic. 

480 



I A 1 = 93° 40', <9A14 = 142° 11'; c : l s & = 0-776 : 
1*066 : 1. Cleavage 1 and i-L Also columnar, often 
divergent ; also granular massive, and frequently in 
rcniform eoats. Often soils. 

II.=2-2*5. G.=4*82. Turner. Lustre metallic. 

Color iron-black, dark steel-gray, sometimes bluish. 
Streak black or bluish- black, sometimes submetallic. 
Opaque, Rather brittle. 


Oomp. — MnO a = Manganese 63*2, oxygen 36*8=100. 

Pyr., etc. — B.B. alone infusible ; on charcoal loses oxygen. A manganese reaction with 
borax. Affords chlorine with hydrochloric acid. 

Diff. — Hardness less than that of psilomelane. Differs from iron ores in its reaction for 
manganese B.B. Easily distinguished from psilomelane by its inferior hardness, and usually 
by being crystalline. 

Obs. — Occurs extensively at Elgersberg near Ilmenau in Thuringia; at Vorderehrensdorf in 
Moravia; at Piatten in Bohemia, and elsewhere. Occurs in the United States in Vermont, 
at Brandon, etc. ; at Conway, Mass. ; at Winchester, N. H. ; at Salisbury and Kent, Conn. 
In California, on Red island, bay of San Francisco. In New Brunswick, near Bathurst. In 
Nova Scotia, at Walton; Pictou, etc. 

PyroluBite and manganite are the most important of the ores of manganese. Pyrolusite 
parts with its oxygen at a red heat, and is extensively employed for discharging the brown 
and green tints of glass. It hence received its name from rip, fire , and Aiw, to wash. 

Ceedneritk. — CujMnjOw, or 3CuO+2MnOs. Foliated. Color black. Thuringia. 
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B. HYDROUS OXIDES. 


TURGHTE. 

Compact fibrous and divergent, to massive; often botryoidal and sta- 
lactitic like limonite. Also earthy, as red ochre. 

H.=5-G. G.— 3*56-3*74, from Ural; 4*29-4*49, fr. Hof; 4*081, fr. 
Horhausen ; 4*14, fr. Salisbury. Lustre snbmetallic and somewhat satin- 
like in the direction of the fibrous structure; also dull earlhv. Color 
reddish-black, to dark red ; bright- red when earthy ; botryoidal surfaco 
often lustrous, like much limonite. Opaque. 

Oomp. — HjFe .0 7 ~ Iron sesquioxide 04*7, water 5*3=100. 

Pyr., etc. — Heated in a closed tube, dies to pieces in a reraarkablo manner ; yields water. 
Otherwise like hematite. 

Diff.— Distinguished from hematite and limonite by its superior hardness, the color of its 
streak, and II. B. its decrepitation. 

Obs. — A very common ore of iron. Occurs at the Turginsk copper mine near Bosgolovsk, 
in the Ural ; near Hof in Bavaria, and Siegen in Prussia ; at Horhausen. In the U. S. it 
occurs at Salisbury, Ct. 


DIA SPORE. 

Orthorhombic. I A T = 93° 42f , O A 1-7 = 147° 12 V ; c:l\&=z 
0*64425 : 1*067 : 1. MM -l = 121° 7£', M A 1-2 = 104" 

14^\ M A 1 = 116° 54J-'. Crystals usually thin, flattened 
parallel to ?*-£; sometimes aoicular; commonly implanted. 

Cleavage: i-i eminent; 7-2 less perfect. Occurs foliated 
massive and in thin scales; sometimes stalactitic. 

II. — 6*5-7. G. — 3 3-3*5. Lustre brilliant and pearly on 
cleavage-face; elsewhere vitreous. Color whitLh, grayish- 
white, <rreenish-L r rav, hair-brown, yellowish, to colorle.>s ; 

Bometimes violet-blue in one direction, reddish plumh-blue 
in another, and pale asparagus-green in a third. When thin, 
translucent, — subtranslucent. Very brittle. 

Oomp. — H 2 A 10 4 = Alumina 85*1, water 14*9 = 100 ; a little phosphorus 
pentoxide is often present. 

Pyr., etc. — In the closed tube decrepitates strongly, separating into pearly white scales, 
and at a high temperature yields water. The variety from Schemnifcz does not decrepitate. 
Infusible ; with cobalt solution gives a deep blue color. Some varieties react for iron with 
the fluxes. Not attacked by acids, but after ignition becomes soluble in sulphuric acid. 

Di S . — Distinguished (B.B.) by its decrepitation and yielding water ; as also by the reaction 
for alumina with cobalt solution. Resembles some varieties of hornblende, but is harder. 

Obs. — Commonly found with corundum or emery. Occurs in the Ural ; at Schemnitz ; 
at Broddbo near Fahlun; in Switzerland ; in Asia Minor, and the Grecian islands ; in Chester 
Co., Pa. ; at the emery mines of Chester, Mass. ; N. Carolina. 

Diattport was named by Haiiy from diaaKetpu, to scatter, alluding to the usual decrepitation 
before the blowpipe. 
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GOTHITE. 


Orthorhombic. 7 A 7 = 94° 52' (13. & M.) ; 0 A 1-t = 146° 33' ; c : 7 > : d 
= 0*66 : 1*089 : 1. In prisms longitudinally striated, and 
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often flattened into scales or tables parallel to the shorter 
diagonal. Cleavage : bracliv diagonal, very perfect. Also 
fibrous; foliated or in scales; massive; reniform; stalac- 
titic. 

II. =5-5*5. G.=4*0~4*4. Lustre imperfect adamantine. 
Color yellowish, reddish, and blackish- brown. Often blood- 
red by transmitted light. Streak brownish-yellow — oclire- 
yellow. 


Var. — 1. In thin scale-like or tabular crystals, usually attached by one 
edge. 2. In acicular or capillary (not flexible) crystals, or slender prisms, often radiately 
grouped: the Needle- Ironstone (Naddeuenutciii), It passes into (b) a variety with a velvety 
surface : the Pnibramite {Sammetbuuide) of Przibram is of this kind. Other varieties are 
columnar or fibrous, scaly-fibrous, or feathery columnar; compact massive, with a flat con- 
choidal fracture ; and sometimes reniform or stalactitic. 

Comp. — HjFe04 — HflFeOo + 2PeO;i— Iron sesquioxide 89 9, water 101 = 100. 

Pyr., etc. — In the closed tube gives off water and is converted into red iron sesquioxide. 
With the fluxes like hematite ; most varieties give a manganese reaction, and some treated 
in the forceps in OF., after moistening in sulphuric acid, impart a bluish-green color to the 
flame (phosphoric acid). Soluble in hydrochloric acid. 

Obs. — Found with the other iron oxides, especially hematite or limonite. Occurs at Eiser 
fold ; in Nassau; at Zwickau in Saxony; in Cornwall ; in Somersetshire, at the Providence 
iron mines. In the U. States, near Marquette, L. Superior; in Penn., near Easton; in 
California, at Burns Creek, Mariposa Co. 

Named Gothite after the poet-philosopher Gotbe; and Pyrrhosiderite from rr/i/wf, Jire-rcd, 
and oithjfwg, iron. 


MANGANITE. 

Orthorhombic. 7 A I — 99° 40', O A 1 -i = 147° 9£' ; c : b : a = 0 6455 : 
1*185:1. Twins: twinning-plane l-l (f. 296, p. 90). Cleavage: i-l very 
perfect, 7 perfect. Crystals longitudinally striated, and often grouped in 
bundles. Also columnar ; seldom granular; stalactitic. 

11. =4. (t.=4*2-4*4. Lustre submetallic. Color dark steel-gray — iron- 

black. Streak reddish-brown, sometimes nearly black. Opaque ; minute 
splinters sometimes brown by transmitted light. Fracture uneven. 

Comp. — H.jMn0 4 =H«Mn0« + 2Mn03=Manganese sesquioxide 89 8 (=Mn 02 5, O 27*3), 
water 10 2=100. 

Pyr., etc. — In the closed tube yields water ; otherwise like braunite. 

Obs. — Occurs in veins traversing porphyry, at Ilefeld in the Harz ; in Thuringia ; Undenaes 
in Sweden; Christiansand in Norway; Cornwall, at various places; also in Cumberland, 
Devonshire, eta In Nova Scotia, at Cheverie, etc. In New Brunswick, at Shepody moun- 
tain, Albert Co., etc. 


LIMONITE. Brown Hematite. Brauneisenstein, Germ. 

Usually in stalactitic and botryoidal or mammillary forms, having a fibrous 
or subfibrous structure; also concretionary, massive; and occasionally 
earthy. 
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H.=5-5’5. G.=r3*6-4. Lustre silky, often submctallic ; sometimes dull 
and earthy. Color of surface of fracture various shades of brown, com- 
monly dark, and none bright ; sometimes with a nearly black varnish-like 
exterior ; when earthy, brownish-yellow, ochre-yellow. Streak yellowish- 
brown. 

Var.- (1) Compact. Submetallic to silky in lustre ; often stalactitic, botryoidal, etc, (2) 
Ochreom or earthy, brownish-yellow to ochre-yellow, often impure from the presence of day, 
Band, etc. (3) Bog ore. The ore from marshy places, generally looso or porous in texture, 
often petrifying leaves, wood, nuts. etc. (4) Brown clay -ironstone, in compact masses, often 
in concretionary nodules, having a brownish-yellow streak, and thus distinguishable from the 
clay- ironstone of the species hematite and aiderite ; it is sometimes {a) pisolitic, or an aggre- 
gation of concretions of the size of small peas (Bolmerz, Genu. ); or ( b ) oolitic. 

Comp. — II c Fe^O u — HoFeOrt + FeO :i = lron sesquioxide 85 water 14*4—100. In the bog 
ores and ochres, sand, clay, phosphates, manganese oxides, and humic or other acids of organic 
origin are very common impurities. 

Pyr., etc. — Likegothite. Some varieties give a skeleton of silica when fused with salt of 
phosphorus, and leave a siliceous residue when attacked by acids. 

DhQf. — Distinguished from hematite by its yellowish streak, inferior hardness, and its reac- 
tion for water. Does not decrepitate, B.B., like turgite. 

Obs. — Limonite occurs in secondary or more recent deposit 4 , in beds associated at times 
with barite, siderite, calcite, aragonite, and quartz ; and often with ores of manganese ; also 
as a modern marsh deposit. It is in all eases a result of the alteration of other ores, through 
exposure to moisture, air, and carbonic or organic acids; and is derived largely from the 
change of pyrite. siderite, magnetite, and various mineral species (such as mica, augito, horn- 
blende, etc. \ which contain iron in the protoxide state. 

Abundant in the United States. Extensive beds exist at Salisbury and Kent, Conn., also 
in the neighboring towns of N. Y., and in a similar situation north; at Richmond and Lenox, 
Mass. ; in Vermont, at Bennington, etc. 

Limonite is one of the most important ores of iron. The pig iron, from the purer varieties, 
obtained by smelting with charcoal, is of superior quality. That yielded by bog ore is what 
is termed cold short , owing to the phosphorus present, and cannot therefore be employed in 
the manufacture of wire, or even of sheet iron, but is valuable for easting. The hard aud 
compact nodular varieties are employed in polishing metallic buttons, etc. 

MeIjANO.sjdejutjs. — N ear limonite, but containing 7*51) p. c. SiO_., perhaps as an impurity. 
Cooke regards it as a very basic silicate of iron. (4. — 3*39. Westchester, Penn. 

Xantiiobidkrite.— H 4 Fe 0 £,=Fe 03 81 0, H v O 18*4=100; or H„FeOo (Hamm.). In fine 
needles. Color yellow, brown, llmenau ; the Harz. 

Beauxitk. — O ccurs in concretionary grains. Color whitish to brown. Composition doubt- 
ful, perhaps Al(Fe)O a H-2aq. Beaux, near Arles, France ; near Lake Wochein, Styria ( woc/iei - 
nite) ; French Guiana. 


BRUOITE.* 

Rhombohedral. HaH=:S2 0 22*', 6>Ai2 = 119° 39*'; <5 = 1-52078 
(Hessenberg). Crystals often broad tabular. Cleavage: basal, eminent 

492 493 




folia easily separable, nearly as in gypsum. Usually foliated masshe, 
Also fibrous, fibres separable and elastic. 



282 


DESCRIPTIVE MINERALOGY. 


H.=2*5. G.=2*35~2*44. Lustre pearly on a cleavage-face, elsewhere 
between waxy and vitreous ; the fibrous silky. Color white, inclining to 
gray, blue, or green. Streak white. Translucent — subtranslucent. Sectile. 
Thin laminae flexible. 


Oomp. — H.jMgO a = Magnesia 69, water 31=100. 

Var. — 1. Foliated. 2. Fibrous ; called nemnlite , containing 4 or 5 p. c. of FeO. 

Fyr., etc. — In the closed tube gives off water, becoming opaque and friable, sometimes 
turning gray to brown. B. B. infusible, glows with a bright light, and the ignited mineral 
reacts alkaline to test paper. With cobalt solution gives the violet-red color of magnesia. 
The pure mineral is soluble in acids without effervescence. 

Diff. —Distinguished by its infusibility. Differs from talc in its solubility in acids. 

Obs. — Brucite accompanies other magnesian minerals in serpentine, and has also been found 
in limestone. Occurs at Swinaness in Unst, Shetland Isles ; in the Urals ; at Goujot in 
France ; near Filipstadt in Wermland. It occurs at Hoboken, N. J. ; in Richmond Co. , N. Y. ; 
at Brewster, N. Y. ; at Texas, Fa. The fibrous variety ( nemalite ) occurs at Hoboken, and 
at Xettes in the Vosges. 


GIBBSITE. 

Monoclinic (DesCl.). In small hexagonal crystals with replaced lateral 
edges. Planes vertically striated. Cleavage : basal or O eminent. Occa- 
sionally in lamello-radiate spheroidal concretions. Usually stalactitic, or 
small mammillary and inerusting, with smooth surface, and often a faint 
fibrous structure within. 

II.=2*5-3*5. G.=2*3-2*4. Color white, grayish, greenish, or reddish- 

white; also reddish-yellow when impure. Lustre of 0 pearly; of other 
faces vitreous; of surface of stalactites faint. Translucent; sometimes 
transparent in crystals. A strong argillaceous odor when breathed on. 
Tough. 

Var. — 1. In crystals: the original liy dr argillite. 2. Stalactitic; gibbsite. 

Oomp. — H B A10o=Alumina 65*5, water 34*5=100. 

Pyr., etc. — In the closed tube becomes white and opaque, and yields water. B.B. infusible, 
whitens, and does not impart a green color to the flame. With cobalt solution gives a deep- 
blue color. Soluble in concentrated sulphuric acid. 

Diff. -Resembles chalcedony in appearance, but is softer. 

Obs. — The crystallized gibbsite occurs nonr Slatou^t in the Ural ; at Gumuchdngh, Asia 
Minor; on corundum at Unionville, Pa.; in Brazil. The stalactitic occurs at Richmond, 
Mass.; at the Clove mine, Duchess Co., N. Y. ; in Orange Co., N. Y. 

Rose's hydrargillite (Urals, 1839) is identical with gibbsite (Torrey, 1822), and must receive 
this name. An uncertain mineral from Richmond afforded Hermann 38 p. c. of phosphoric 
acid, but a phosphate, if it really occurs there, is not gibbsite. 

Pyrocuhoite. — H a MnO a = Manganese protoxide 79*8, water 20*2=100. Foliated. Color 
white. Mine of Paisberg. Filipstadt, Sweden. 

Hydiiotalcite from Snarum, Norway, and Volknrrite from the Urals, contain alumina, 
magnesia, and water with more or less carbon dioxide. Probably mixtures, containing 
brucite, gibbsite, etc. Hougiiite from Oxbow and Rossie, N. Y., is a similar mineral 
derived from the alteration of spinel. Namaqualite (Church). A related mineral; from 
Namaqualand, So. Africa. 


PSILOMELANE* 

Massive and botryoidal. Reniform. Stalactitic. 

H.=5-6. G.=3*7-4*7. Lustre submetallic. Streak brownish-black, 

shining. Color iron-black, passing into dark steel-gray. Opaque. 
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Comp. — Somewhat doubtful. Contains manganese oxide, with varying amounts of baryta, 
and potash lithia , and also water. General formula, according to Bammelsberg, R»0.=RQ 


4-4MnO a , where B is Ka a , Ba or Mn. 

Analyses : 


1. Thttringen 

O MnO 
11-43 65 70 

BaO 

10*59 

K a O 

H a O 

5-25 

CuOO-59, CoO 0*79, OaO 0 51=100 7S 

2 . Ilmenau 

15*82 77*23 

0*12 

5*29 


Olschewsky. 

CaOO*91, CuO 0 40=99 77 Clausbruch. 


Pyr., etc. — In the closed tube most varieties yield water, and all lose oxygen on ignition: 
with the fluxes reacts for manganese. Soluble in hydrochloric acid, with evolution of 
chlorine. 

Ob*. — This is a common ore of manganese. It occurs in Devonshire and Cornwall j at 
Ilefeld in the Harz ; also at Johanngeorgenstadl ; Sflmoeberg ; Ilmenau ; Siogen, etc. It 
forms mammillary masses at Chittenden, Irasburg, and Brandon, Vt. 


WAD. 


The manganese ores here included occur in amorphous and reniform 
masses, either earthy or compact, and sometimes incrusting or as stains. 
They are mixtures of different oxides, and cannot be considered chemical 
compounds or distinct mineral species. 

II. =0-5-6. G.— 3-4*20 ; often loosely aggregated, and feeling very light 
to the hands. Color dull black, bluish or brownish-black. 


Comp., Var. — Perhaps HaMn 2 05=2Mn0a 4- aq (Bammelsberg), but in all cases mixed with 
other ingredients. 

Varieties : (A) Manganesian ; (B) Cobaltiferous ; (C) Cupriferous. 

A. Boo Manganese. — C onsists mainly of manganese dioxide and water, with some iron 
sesquioxide, and often silica, alumina, baryta. 

B. AsitoLlTE, or Earthy Cobalt, is wad containing cobalt oxide, which sometimes amounts 
to «‘!2 p. c. LithiopJutrite , heUroyenite , and rabdiontte belong near here. 

C. Lampaihte, or Cupreous Mangauese. A wad containing 4 to 18 p. c. of copper oxide, 
and often cobalt oxide also. It graduates into black copper (Melaconito;. G. --3' 1-8*2. 

Pyr., etc. — Wad reacts like psilomelane. Earthy cobait gives a blue bead with salt of 
phosphorus, and when heated in ILF. on charcoal with tin, some specimens yield a red opaque 
bead (copper). Cupreous mauyanese gives similar reactions, and three varieties give a strong 
manganese reaction with soda, and evolve chlorine when treated with hydrochloric acid. 

Obs. — The above ores arc results of the decomposition of other ores — partly of oxides, and 
partly of manganesian carbonates. Wad or bog manganese is abundant in the counties of 
Columbia and Dutchess, N. Y. There are large deposits of bog manganese at Blue Hill Bay, 
Dover, and other places in Maine. ... . . 

Earthy cobalt occurs at Itieehelsdorf in Hesse; Saalfeld in Thuringia; at Nertschinsk in 
Siberia ; at Aiderly Edge in Cheshire. 

Cualcopuanite. — lihombohedral. In druses of minute tabular crystals ; also in stalacti- 
tic aggregates. H.=2 5. G.-3U07. Lustre metallic. Color bluish-black. Analysis gav€ 
MnO* 59-94, MnO 6 58, ZnO 21*70, FeOi 0*25, H a O 11 -58= 100*05. Composition 2MnO a 4- 
(Mn,Zn)0 + 2aq. If half the water were basic, the formula might be written 2RMnO, +aq, 
where R = Mn,Zn and H,. B. B. becomes of a cooper color, hence the name (i<x\.uo$, brass, 
bronze, and qjaivoa, to appear). Stirling Hill, J. (Moore.) 
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8. OXIDES of Elements of the Arsenic and Sulphur Groups, Series II 


VAUE3NTINITE. Weisspiesglaserz, Germ. 

Orthorhombic. I A 1 = 136° 58' ; 0 A 14 = 105° 35' ; c : l : & = 3-5868 : 

2*5365 : 1. Often in rectangular plates with the lateral 
edges bevelled, and in acicular rhombic prisms. Cleav- 
age : /, highly perfect, easily obtained. Also massive ; 
structure lamellar, columnar, granular. 

II. =2*5-3. G. =5*566, crystals from Braunsdorf. 
Lustre adamantine, i-i often pearly ; shining. Color 
snow-white, occasionally peach-blossom red, and ash-gray 
to brownish. Streak white. Translucent — subtrans- 
parent. 

Oomp. — Sb 2 0 8 = Oxygen 10*44, antimony 83*50=100. 

Ob-*. — Found at Przibram in Bohemia; at Felsobanya in Hungary; 
Braunsdorf in Saxony. Also at South Ham, Canada East. 

Senaiimontjte.* — Same composition as the above, but crystallizes in isometric octahe- 
drons. G. *2-5 3. Perneck, Hungary; Cornwall; Haraclas in Algeria ; S. Ham, Canada. 

CliAUDETiTK ; AltSENOMTE. — Both As 2 0 3 . The lormer is orthorhombic, the latter iso- 
metric. They thus correspond to the two forms of Sb 2 0 8 (Bee above). Claudctite (G. = 3*85) 
occurs in thin plates at the San Domingo mines, Portugal. Arxenolite V G .=^3 G9S) occurs 
usually in capillary crystals, also stalactitic ; earthy. Andreasberg ; Joachi-nsthal ; Corn- 
wall ; Opliir mine, Nevada ; California. 

Bismite (Wismuthocker, Germ ). — Bi 2 0 3 . Occurs massive, earthy. Schneeberg; Joachims 
thal; Cornwall. Kauelinite. — 3BiO + BiS. Massive. Color lead -gray. G. =0 00. Savo- 
dinsk mine in the Altai. 

Molyiidite (Molybdiinocker, Germ .). — Composition MoO a . In radiated crystallizations, as 
an incrustation, etc. Occurs with molybdenite. At Westmoreland, New Hampshire ; Chester, 
Penn. ; Virginia City, Nevada. Ilsemannite, near the above. Bleiberg. Carinthia. 

Tungstite. — W0 3 . Pulverulent and earthy. Cornwall; Monroe, Ct. Meymacite 
(Carnot). — A hydrated tungstite. Meymac, Correze. 

Kkrmksite (Anbimonblende, Germ .).— Composition SbjS 2 0=2Sb 2 S 3 4-Sb 2 0 3 . In capillary 
crystals. Color cherry-red. Braunsdorf, Saxony ; Allemont ; South Ham, Canada East. 

Ceuvantite.— Sb0 a =Sb a 0 8 + Sb.0 6 . Color yellow. Results from alteration of stibnite. 
Spain ; Tuscany ; Hungaxy, etc. ; South Ham, Canada. 



3. OXIDES of the Carbon-silicon Group, Series II. 

QUARTZ.* 

Rhombohedral, and for the most part liemihedral to the rhombohedron 
(or tetartohedral to the hexagonal prism). R A R = 94° 15', O l\R = 125° 
13' ; c = 1*0999. i A 2-2 = 142° 2 f , R A -1 , ov. i, = 103° 34', R A -1, adj., 
== 133° 44', R A i 9 ov. 2-2, = 113° 8'. Cleavage: R , — 1, and i very indis- 
tinct: sometimes effected by plunging a heated crystal in cold water. 
Crystals sometimes very s^ort, but general habit prismatic ; the crystals 
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much elongated, sometimes fine acicular; usually implanted by one 
extremity or the prism. Prismatic faces i commonly striated horizontally, 
and thus distinguishable, in distorted crystals, from the pyramidal. Crys- 
tals often grouped by juxtaposition, not proper twins. Frequently in radi- 
ated masses with a surface of pyramids, or in druses having a surface of 
pyramids or short crystals. Twins: twinning-plane, (1), the basal plane 
O (f. 500); very generally penetration-twins, as illustrated in f. 205, p. 89. 
(2) The pyramid 1-2, truncating the ed<re between + Ji and — A*, divergence 
of axes 81° 33' Other methods of twinning rare, parallel to i, to A, to 



i/?, etc. (Jenzsch). Also in pseudo-trillings on calcite, with 2-2 as the 
approximate twinning-plane (see f. 330, p. 101). 

Massive; coarse or fine granular to flint-like or crypto-crystalline 
Sometimes mammillary, stalactitic, and in concretionary forms. 



H.=7. Gh=2*5-2*8 ; 2*G413-2*6541 (Beudant). Lustre vitreous, some 
times inclining to resinous ; splendent— -nearly dull. Colorless when pure ; 
often various shades of yellow, red, brown, green, blue, black. Streak 
white, of pure varieties; if impure, often the same as the color, but much 
paler. Transparent — opaque. Fracture perfect conchoidal — subconchoi* 
dal. Tough — brittle — triable. Polarization circular, see pp. 142-144 
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Comp.— Pure c!Uaa,«r(K0 1 =Oxygen 53 83, Bilioon 46 -67=100. In massive varieties often 
mixed with. * little opal-silica. Impure varieties contain iron sesquioxide, calcium carbonate, 
eftl ft ttftnd, and various minerals. 

Var. — l. Crystallized (phenocrystalline), vitreous in lustre. 2. Flint-like, massive, or cryp- 
tocrystalline. The first division includes all ordinary vitreous quartz, whether having crys- 
talline faces or not. The varieties under the second are in general acted upon somewhat more 
by attrition, by chemical agents, as fluohydric acid, than those of the first. In all kinds 
made up of layers, as agate, successive layers are unequally eroded. 


A. Phenocrystalline or Vitreous Varieties. 

1. Ordinary Crystallized ; Rock Crystal. CMotless quartz, or nearly so, whether in dis- 
tinct crystals or not. 

2. Asteriated ; Star quartz (Stemquartz, Germ.). Containing within the crystal whitish 
or colored radiations along the diametral planes. 

3. Amethystine ; Amethyst. Clear purple, or bluish-violet. The color is supposed to be 
due to manganese. 

4 Rose. Rose-red or pink, but becoming paler on exposure. Common massive, and then 
usually much cracked. Lustre sometimes a little greasy. Fuchs states that the color is due 
to titanic oxide. It may come in part from manganese. 

5. Yellow ; False Topaz. Yellow and pellucid, or nearly so ; resembling somewhat yellow 
topaz, but very different in crystallization and in absence of cleavage. 

6. Smoky , Cairngorm Stone. Smoky-yellow to smoky-brown, and often transparent ; bnt 
varying to biownish-black, and then nearly opaque in thick crystals. The color is due to 
organic compounds, according to Forster. 

7. Milky. Milk- white and nearly opaque. Lustre often greasy, and then called Greasy 
quartz. 

8. Cat' 8 Eye (Katzenauge, Germ.). Exhibiting opalescence, but without prismatic colors, 
an effect due to fibres of asbestus. 

9. Aventurine. Spangled with scales of mica or other mineral. 

10. Impure from the presence of distinct minerals distributed densely through the mass. 
The more common kinds are those in which the impurities are : (a) fcri'vginous, either red or 
yellow iron oxide; (b) cldoritic , some kind of chlorite ; (c) actinolitic ; (d) micaccmis ; (e) are - 
naceous , or sand. Quartz crystals also occur penetrated by various minerals, as topaz, corun- 
dum, chrysoberyl, garnet, different species of the hornblende and pyroxene groups, rutile, 
hematite, gdthite, etc., etc. 

Containing liquids in cavities. These liquids are seen to move with the change of position 
of the crystal, provided an air-bubble be present in the cavity. The liquid is either water 
(pure, or a mineral solution), carbon dioxide, or some petroleum-like or other compound. 


B. Cryptocrystalline Varieties. 

1. Chalcedony. Having the lustre nearly of wax, and either transparent or translucent. 
Color white, grayish, pale-brown to dark-brown, black ; tendon-color common ; sometimes deli- 
cate blue. Also of other shades, and then having other names. Often mammillary, botryoi- 
dal, staluctitic, and occurring lining or filling cavities in rocks. It is true quartz, with some 
disseminated opal. 

2. Cornelian. A clear red chalcedony, pale to deep in shade ; also brownish-red to brown, 
the latter kind reddish-brown by transmitted light. 

8. Chrysoprase. An apple-green chalcedony, the color due to the presence of nickel 
oxide. 

4. Prase. Translucent and dull leek-green ; so named from tt p6onv, a leek. Always regarded 
as a stone of little value. The name is also given to crystalline quartz of the Bame color. 

5. Plasma. Rather bright-green to leek-green, and also sometimes nearly emerald -green, 
and subtranslucent or feebly translucent ; sometimes dotted with white. Heliotrope , or 
Bloodstone , is the same stone essentially, with small spots of red jasper, looking like drops of 
blood. 

0. Agate. A variegated chalcedony. The colors are either banded or in clouds, or due to 
visible impurities, a. Banded The bands are delicate parallel lines, of white, tendon-like, 
wax-like, pale and dark-brown, and black colors, and sometimes bluish and other shades. 
They follow waving or zigzag courses, and are occasionally concentric circular, as in the eye- 
agate.' The bands are the edges of layers of deposition, the agate having been formed by a 
deposit of silica from solutions intermittently supplied, in irregular cavities in rocks, and 
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denying their concentric waving courses from the irregularities of the walls of the cavity 
Owing also to the unequal porosity, agates may be varied in color by artificial me ans. /?. Jr- 
regularly clouded. The colors various, as in banded agate, y. Colors due to visible impurities, 
including Moss-agate , filled with brown moss-like or dendritic forms distributed through the 
mass ; Dendritic, Agate , containing brown or black dendritio markings. There is also Agatised 
wood: wood petrified with clouded agate. 

7. Onyx. Like agate in consisting of layers of different colors, but the layers are in even 
planes, and the banding therefore straight, and hence its use for cameos, the head being out 
in one color, and another serving for the background. The colors of the best are perfectly 
well defined, and either white and black, or white, brown and black alternate. 

8. Sardonyx. Like onyx in structure, but includes layers of cornelian (sard) along with 
others of white or whitish, and brown, and sometimes black colors. 

9. Jasper. Impure opaque colored qunrtz. (a) lied iron sesquioxide being the coloring 
matter. (&) Brownish , or ochre-yellow , colored by hydrous iron sesquioxide, and becoming red 
when so heated as to drive off the water. ( c ) Dark -green and brownish -green, (rf) Grayish* 
blue, (e) Blackish or brownish -black. (/) Striped or riband jasper (Baudjaspis, Germ, ), 
having the colors m broad stripes. ( g ) Egyptian jasper , in nodules which are zoned in brown 
and yellowish colors. Porcelain jasper is nothing but baked clay, and differs from true jasper 
in being B.B. fusible on the edges. Bed porphyry , or its base, resembles jasper, but is also 
fusible on the edges, being usually an impure feldspar. 

10. Agate-Jasper. An agate consisting of jasper with veinings and cloudings of chalcedony. 

11. Siliceous sinter . Irregularly cellular quartz, formed by deposition from waters contain* 
ing silica or soluble silicates in solution. 

12. Flint (Feuerstein, Germ.). Somewhat allied to chalcedony, but more opaque, and of 
dull colors, usually gray, smoky-brown, and brownish- black. The exterior is often whitish, 
from mixture with lime or chalk, in which it is imbedded. Lustre barely glistening, sub- 
vitreous. Breaks with a deeply conchoidal fracture, and a sharp cutting edge. The Hint of 
the chalk formation consists largely of the remains of infusoria (Diatoms), sponges, and other 
marine productions. The coloring matter of the common kinds is mostly carbonaceous 
matter. 

B3. Hornstone (Homstein, Germ.). Ilesembles flint, but more brittle, tho fracture more 
Bplintery. Chert is a term often applied to hornstone, and to any impure flinty rock, includ- 
ing the jaspers. 

14. Basanite , Lydian Stone or Touchstone. A velvet-black siliceous stone or llinty jasper, 
used on account of its hardness an l black color for trying the purity of tho precious mctuls. 
The color left on the stone after rubbing the metal across it indicates to the experienced eye 
the amount of alloy. It is not splintery like hornstone. 

Fyr., etc. — B.B. unaltered; with borax dissolves slowly to a clear glass ; with soda dis- 
solves with effervescence ; unacted upon by salt of phosphorus. Insoluble in hydrochloric 
acid, and only slightly acted upon by solutions of fixed caustic alkalies. When fused and 
cooled it becomes opal -silica, having G. — 2’2. 

Diff. — Quartz is distinguished by its hardness — scratching glass with facility; in fusibility 
-—not fusing before the blowpipe ; insolubility — not attacked by water or the acids ; uncleavar 
bility — one variety being tabular, but proper cleavage never being distinctly observed. To 
these characteristics the action of soda B.B. may be added. 

Obs. — Quartz occurs as one of the essential constituents of granite, syenite, gneiss, mica 
schist, and many related rocks ; as the principal constituent of quartz-rock and many sand* 
stones ; as an unessential ingredient in some trachyte, porphyry, etc. ; as the vein-stone in 
various rocks, and for a large part of mineral veins ; as a foreign mineral in the cavities of trap, 
basalt, and related rocks, some limestones, etc. , making geodes of crystals, or of chalcedony, 
agate, carnelian, etc. ; as imbedded nodules or masses in various limestones, constituting the 
flint of the chalk formation, the hornstone of other limestones — these nodules sometimes 
becoming continuous layers ; os masses of jasper occasionally iu limestone. It is the principal 
material of the pebbles of gravel beds, and of the sands of the sea-shore and sand beds every- 
where. Silica also occurs in solution (but mostly as a soluble alkaline silicate) in heated 
natural waters, as those of the Geysers of Iceland, New Zealand, and California, and tho 
Yellowstone Park, and very sparingly in many cold mineral waters. 

a Switzerland, Dauphiny, Piedmont, the Carrara quarries, and numerous other foreign locali- 
ties, afford fine specimens of rock crystal. Amethysts are brought from India, Ceylon, and 
Persia, also Transylvania. The amygdaloids of Iceland and the Faroe Islands, afford magni- 
ficent specimens of chalcedony ; also Hiittenberg and Loben in Carinthia, etc. The finest 
camelians and agates are found in Arabia, India, Brazil, Surinam, Oberstein, and Saxony. 
Cat' 8 eye , in Ceylon, the coast of Malabar, and also in the Harz and Bavaria. Heliotrope^ is 
Bucharia, Ta-taiy, Siberia. 
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In New York, quartz crystals are abundant in Herkimer Co. Fine dodecahedral crystals, 
atthebedBof specular iron in St. Lawrence Co. In Antwerp, Jefferson Co., at Diamond 
Island and Diamond Point, Lake George, Pelham and Chesterfield, Mass. , Paris and Perry, 
Me., Benton, N. II., Sharon, Vt., Meadow Mount, Md., and Hot Springs, Ark., are other 
localities of quartz crystal. For other localities, see the catalogue of localities in the latter 
part of this volume. 

Rose quartz, at Albany and Paris, Me., Acworth, N. H., and elsewhere ; smoky quartz , at 
Goshen, Mass., Richmond Co., N. Y., Pike’s Peak, Colorado, etc. ; amethyst , at Keweenaw 
Point and Thunder Bay, etc., Lake Superior ; also at Bristol, Rhode Island, near Greensboro, 
N. C. ; Specimen Mountain, Yellowstone Park. Crystallized green quartz, at Providence, 
Delaware Co., Penn.; at Ellenville, N. Y. Chalcedony and agates about Lake Superior, the 
Mississippi, and the streams to the west, etc. Red jasper is found in pebbles on the banks of 
the Hudson at Troy ; red and yellow, near Murphy’s, Calaveras Co. , Cal. Heliotrope occupies 
veins in slate at Bloorningrove, Orange Co., N. Y. 

Several varieties of this species have long been employed in jewelry. The amethyst has 
always been esteemed for its beauty. Cameos are in general made of onyx, which is well 
fitted for this kind of miniature sculpture. J asper admits of a brilliant polish, and is often 
formed into vases, boxes, knife-handles, etc. It is also extensively used in the manufacture 
of Florentine mosaics. The carnelian is often rich in color, but is too common to be much 
esteemed ; when first obtained from the rock they are usually gray or grayish-red ; they 
receive their fine colors from an exposure of several weeks to the sun’s rays, and a subsequent 
heating in earthen pots. The colors of agate, when indistinct, may be brought out by boil- 
ing in oil, and afterward in sulphuric acid ; the latter carbonizes the oil absorbed by the 
porous layers, and thus increases the contrast of the different colors. 


THI D YMITE .* 


Hexagonal. 



the fane pearly, 
clioidal. 


1 A 1 = 124° 3' (basal) ; 1 A 1 = 127° 35' (terminal) ; c = 
1*0304 (v. Rath). Cleavage O , imperfect. Crys- 
tals minute, commonly tabular (f. 507), formed 
by the prism and basal plane ; also frequently in 
twins and trillings with (1) and (2) £ as the 
twinning-planes. Double refraction positive. 

II. =7. G. =2*282-2*326. Lustre vitreous, on 
Colorless, becoming white on weathering. Fracture con- 


Oomp- — Pure silica, or SiO*, like quartz. 

Pyr—B. B. infusible. FuseB in soda with effervescence, forming a colorless glass. Soluble 
in a boiling saturated solution of sodium carbonate. 

Obs. — First found in cavities in the trachyte from Cerro St. Cristoval, near Pachuca, 
Mexico. Also in the trachyte of the Siebengebirge, and in related rocks from many localities. 
Forming on one occasion the mass of white volcanio ashes, from the island Vulcano. Also 
in microscopio crystals inclosed in opal, and in quartz. 

Abmanitr ( Maskelyne ). — A third form of silica, crystallizing in the orthorhombic Bystem, 
•‘isomorphous with brookite.” H. =5*5. G. =2*245. Found in very minute crystalline 
grains, generally rounded, in the meteoric iron of Breitenbach. 


OPAL. 

Massive, amorphous; sometimes small reniform, stalactitic, or large 
tuberose. Also earthy. 

H.s=5*5-0*5. G.=19->2*8. Lustre vitreous, frequently subvitreous : 

often inclining to resinous, and sometimes to pearly. Color white, yellow, 
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red, brown, green, gray, generally pale ; dark colors arise from foreign 
admixtures ; sometimes a rich play of colors, or different colors by refracted 
and reflected light. Streak white. Transparent to nearly opaque. 

Comp. — Silica. SiO a , as for quartz, the opal condition being one of lower degrees of hard- 
ness and specific gravity. Water is usually present, but it is regarded as unessential It 
varies in amount from 2 to 21 p. c. ; or, mostly, from 3-9 p. c. 

Var. — 1. Precious Opal. Exhibits a play of delicate colors, or, as Pliny says, presents various 
refulgent tints in succession, reflecting now one hue and now another. Seldom larger than a 
hazel-nut. Doubly refracting (biaxial), Behrens. 

3. Fire-opal. Hyaciuth-red to honey-yellow colors, with fire-like reflections somewhat irised 
on turning. 

3. Giro sol. Bluish-white, translucent, with reddish reflections in a bright light. 

4. Common Opal. In part translucent ; (a) milk white to greenish, yellowish, bluish; (ft) 
Resin-opal (Wachsopal, Pechopal, Germ.), wax-, honey- to ochre-yellow, with a resinous 
lustre* {ci dull olive-green and mountain-green; [d) brick-red. 

5. Cachoiong . Opaque, bluish- white, porcelain- white, pale-yellowish or reddish; often 
adheres to the tongue, and contains a little alumina. 

6. Opal-agate. Agate-like in structure, but consisting of opal of different shades of color. 

7. Jasp-vpal. Opal containing some yellow iron sesquioxide and other impurities, and hav- 
ing the color of yellow jasper, with the lustre of common opal. 

8. Woodropal (Holzopal, Germ.). Wood petrified by opal. 

9. Hyalite. Clear as glass and colorless, constituting globular concretions, and also crustx 
with a globular, reniform, botryoidal, or stalactitic sunace ; also passing into translucent, 
and whitish. 

10. Fiorite , Siliceous Sinter. Includes translucent to opaque, grayish, whitish, or brownish 
incrustations, porous to firm in texture ; sometimes fibrous -like or filamentous, and, when so, 
pearly in lustre, formed from the decomposition of the siliceous minerals of volcinic rocks 
about fumaroles, or from the siliceous waters of hot springs. It graduates at times into 
hyalite. Geyserite constitutes concretionary deposits about the Iceland and Yellowstone 
(pealite) geysers, presenting white or grayish, porous, stalactitic, filamentous, caulittower- 
like forms; also compact-massive, and scaly - m assi ve ; II. =6; rarely transparent, usually 
opaque* sometimes falling to powder on drying in the air. 

11. Float-stone. In light concretionary or tuberose masses, white or grayish, sometimes 
cavernous, rough in fracture. So light, owing to its spongy texture, as to float on water. 
The concretions sometimes have a flint-liko nucleus. 

12. Tripotite. Formed from the siliceous shells of Diatoms and other microscopic species, 
as first made known by Ehreuberg, and occurring in deposits, often many miles in area, either 
nncompacted, or moderately hard. Infuso/ ial Earth, or Earthy Tnpolite. y a very fine-grained 
earth looking often like an eartny chalk, or a clay, but harsh to the feel, and scratching glass 
when rubbed on it. 

Pyr., etc. — Yields water. BB. infusible, but becomes opaque. Some yellow varieties, 
containing iron, turn red. 

Obs. — Occurs filling cavities and fissures or seams in igneous rocks, porphyry, and some 
metallic veins. Also imbedded, like Hint, in limestone, and sometimes, like other quartz 
concretions, in argillaceous beds ; also formed from the siliceous waters of some hot springs ; 
also resulting from the mere accumulation, or accumulation and partiul solution and solidifi- 
cation, of the siliceous shells of infusoria — which consist essentially of opal-silica. 

Precious opal occurs in Hungary ; in Honduras ; and Mexico. Fire opal occurs at Zimapan 
in Mexico ; Faroe ; near San Antonio, Honduras. Common opal is abundant at Telkebanya 
in Hungary; in Moravia; in Bohemia; Stenzelberg in the Siebeugebirge ; Faroe, Iceland; 
the Giant's Causeway, at many localities. In U. S., hyadte occurs sparingly in N. York, at 
the Phillips ore bed, Putnam Co. ; in Georgia, in Burke and Scriven Cos.; in Washington Co., 
good fire opal At the Geysers on the Fire Hole river, Yellowstone Park, geyserite is abundant. 

The precious opal, when large, and exhibiting its peculiar play of colors m perfection, is a 
gem of high value. It is cut with a convex surface. 

Melanopblogitb {Lasaulx ,. — Occurs in minute, colorless, cubes coating sulphur crystal i 
from Girgenti, Sicily. Contains SiO a 86 3 p. c. , SO* 7 2, H a O 2 9 ; chemical nature doubt* 
ful. Tarns block apon ignition, hence the name. 

19 
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II. TERNARY OXYGEN COMPOUNDS. 

1. SILICATES.— A ANHYJi.RO US 3TLICATES. 


a. Bisilicates. General Formula RSiO*. 


(a) Amphibole Group. Pyroxene Section. 

ENSTATITE. Bkonzitb. Protobastite. 

7aT=8S° 16' and 91° 44' (Breitenbach meteorite, v . 
Lang)\ c : b : & = 0*58853 : 1*03086 : 1. Cleavage: I 9 
easy ; i-l, i-l, less so. Sometimes a fibrous appearance 
on the cleavage-surface. Also massive and lamellar. 

H.=5*5. Gr.~3*l-3*3. Lustre a little pearly on 

cleavage-surfaces to vitreous ; often metal loidal in the 
bronzite variety. Color grayish-white, yell owish- white, 
greenish- white, to olive-green and brown. Streak un- 
colored, grayish. Double refraction positive ; optic- 
axial plane bracliy diagonal ; axes very divergent. 

Oomp., Var. — MgSi0 8 = Silica GO, magnesia 40= 100; also (Mg,Fe) 
SiOs. 

Var. 1. With little or no iron; Enstntite. Color white, yellowish, grayish, or greenish- 
white; lustre pearly- vitreous ; G. =3 10-3 *13. Ohladuite , which makes up 90 p. c. of the 
Bishopville meteorite, belongs here and is the purest kind ; Viclorite (. Meunier ), from the 
Deesa (Chili) meteoric iron is probably identical. 

2. Ferriferous ; Bronzite. Color grayish -green to olive-green and brown; lustre of cleav- 
age-surfaoe adamantine pearly to Btibmetaliio or bronze-like. The ratio of Mg : Fe varies 
from 11 « 1 to 3 : 1. Analysis of bronzite from Leiperville by Pisani, SiO a 57*08, AlO* 0*28, 
FeO 5*77, MgO 35*59, H a O 0*90=99*02. 

Fyr., etc. — B.B. almost infusible, being only slightly rounded on the thin edges; F.=6. 
Insoluble in hydrochloric acid. 

Dili. — Distinguished by its infusibility from varieties of amphibole, which it resembles. 

Obs. — Occurs near Aloysthal in Moravia ; in the V osges ; at Kupferberg in Bavaria ; at 
Baste in the Harz (Protobastite) ; in the chrysolite bomba in the Eifel; in immense crystals 
with apatite, near Burole, Norway. In Pennsylvania, at Leiperville and Texas ; at Brewster, 
N. Y. Bronzite is quite common in meteorites. 

DesCloizeaux first defined the limits of this species, as here laid down. 

Named from WoriTtjj, an ojyponent, because so refractory. The name bronzite has priori tj, 
but a bronze lustre is not essential, and is far from universal. 


Orthorhombic. 


508 



■ » 1 1 
Bamle, Norway. 


HYFERSTHENE. 

Orthorhombic. /a/=91° 32J, DesCloizeaux (Mt. Dor6); 91® 40' 
t. Hath {amblystegite). Cleavage : i-l perfect, 1 and i-l distinct but inter 
rupted. Usually foliated massive. 

H.=5-6. G.= 3*392. Lustre somewhat pearly on a cleavage-surface, 

and sometimes a little metalloidal ; often with a peculiar iridescence due 
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to the presence of minute enclosed tabular crystals (brookite?) in pa ml lei 
position (Kosmann). Color dark brownish-green, gray- 
lsh-black, greenisn- black, pinchbeck-brown. Streak 

S rayish, brownish-gray. Translucent to nearly opaque. 

►rittle. Optic-axial plane brachvdiagonal ; axes very 
divergent ; bisectrix negative. 

Oomp. — (Mg,Fe}SiO* with Fe : Mg—1 : 5, 1 : 3, etc. If Fo to 
Mg=l : 2 the formula requires Si0 2 54-2, FeO 21 *7, MgO 24*1 = l (K). 

Pyr., etc. — B.B. fuses to a black enamel, and on charcoal }ielda a 
magnetic mass. Partially decomposed by hydrochloric acid. 

Obs. — Hypersthene occurs at Isle St Paul, Labrador in Canada ; 
at the Isle of Skye ; in Greenland ; Norway ; Ronsberg in Bohemia ; 
the Tyrol ; Elfdalen in Sweden; Laacher See ( amblyntegiUh \ Voigt- 
land ; in trachyte of Mt. Dore, Auvergne. 

In chemical composition. en*tatite (and bromite ), and hypernthene 
belong together, since they grade insensibly into each other ; and in 
crystalline form they are identical. The essential difference between 

them, according to DesCloizeaux, lies in the axial dispersion which is uniformly p < v foi 
enstatite, and p > v f or hypersthene. 

Diaclabite. — N ear bronzifce ; differs in optical characters. (Mg,Fe,Ca)SiO s . Horzburg; 
Guadarrama, Spain. 



Mt. Dore. 


WOLLASTON ITU. Tabular Spar. Tafelspath, Ocm. 


Monoclinic. C = 69° 48', 1 A 1 ' = S7° 28', O A 2-i = 137° 48' ; \ c : l : d 
= 0*4338 : 0*89789 : 1. Fig. 510 in the pyroxene or normal position, but 
wi*h the edge O /i-i the obtuse edge ; f. 511 in the position given the crys- 
tals m authors who make i-i the plane O , and 2-i the plane L O A — 1-i 
= 160° 30', O A 1-i = 154° 25', i-i A — 2 = 132° 54', i-i A 2 = 93° 52'. 
Rarely in distinct tabular crystals. Cleavage: O most distinct; i-i less 
bo; 1-i arid — 1 -i in traces. Twins: twinning-plane i-i. Usually cleav- 
able massive, with the surface appearing long fibrous, fibres parallel or 
reticulated, rather strongly coherent. 


510 



511 



H.=4*5-5. G.=2*78-2*9. Lustre vitreous, inclining to pearly upon 
the faces of perfect cleavage. Color white, inclining to gray, yellow, red, 
or brown. Streak white. Snbtransparent — translucent. Tractu re uneven, 
sometimes ~ery tough. Optic-axial plane i-i ; divergence 70° 40' for the 
red rays ; bisectrix of the acute angle negative ; inclined to a normal to iri 
57° 48', and to a normal to O 12°, "Dead. 
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Comp. — CaSiO, =Silica 51 *7, lime 48*8=100. 

Pyr., etc. — In the matrass no change. B.B. fuses easily on the edges j with some soda, a 
blobby glass, with more, swells up and is infusible. With hydrochloric acid gelatinizes ; most 
varieties effervesce slightly from the presence of calcite. 

DifE — Differs from asbestus, and tremolite in forming a jelly with acids, as also by its more 
ritreons fracture ; fuses less readily than natrolite and scolecite ; when pure does not effer- 
vesce with acids like the carbonates. 

Obs.— Wollastonite is found in regions of granite and granular limestone ; also in basalt and 
lavas. Occurs in Hungary; in Finland; and in Norway; at Gockum in Sweden; in the 
Harz ; at Auerbach, in granular limestone ; at Vesuvius. In the U. S., in JV. York, at Wills- 
borough ; at Lewis ; Diana, Lewis Co. In Penn., Bucks Co. At the Cliff Mine, Keweenaw 
Point, Lake Superior. In Canada , at Grenville. 


PYROXENE. 


Monoclinic. 0= 73° 59', /a/=87°5', 0 A 24 = 131° 17'; c : b : d 
= 0*5412 : 0*91346 si. 0 A / = 100° 57', O l\ — U = 155° 51', O A 1-i 
= 14 8° 35', O A -1 = 146° 9', O A 1 = 137° 49', -1 A -1 = 131° 24'. 
Cleavage : I rather perfect, often interrupted ; i-i sometimes nearly per- 



fect; imperfect; O sometimes easy. Crystals usually thick and stout. 
Twins: twinning-planei-i (f. 521). Often coarse lamellar, in large masses, 
parallel to O or i-i. Also granular, particles coarse or line ; and fibrous, 
fibres often fine and long. 


520 521 




inclined 51° 6' to a normal to t-i and 22° 


II. =5-6. G\= 3*23-3*5. Lustre 
vitreous, inclining to resinous ; 
some pearly. Color green of 
various shades, verging on one 
side to white or grayish- white, 
and on the other to brown and 
black. Streak w*hite to gray and 
grayish-green. Transparent — 
opaque. Fracture conclioidal — 
uneven. Brittle. In crystals 
from Fassa, optic-axial plane i-i; 
divergence 110° to 113° ; bisec- 
trix of the acute angle positive, 
55' to a normal to 0, DesCl. 
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Comp.) Var. — A basilica te, having the general formula RSiO», where H may be Ca,Mg, 
Fe,Mn, sometimea also Zn,Ka^Na 3 . Usually two or more of these bases are present. The 
first three are most common ; but caloi im is the only one that is present alwi^ys and in large 
percentage. Besides the substitutions of the above bases for one another, these same bases 
are at times replaced by Al,Fe,Mn, though sparingly, and the silicon occasionally by alumi- 
num. 

The varieties proceeding from these isomorphous substitutions are many and diverse : and 
there are still others depending on the state of crystallization. The foliated and fibrous 
kinds early received separate names, and for a while were regarded os distinct species. Fibrous 
or columnar forms are very much less common than in hornblende, and lamellar or foliated 
kinds more common. The crystals are rarely loug and slender, or bladed, like those of that 
species. 

The most prominent division of the species is into (A) the non-aluminous ; (B) the alumi - 
nous. But the former of these groups shades imperceptibly into the latter. These two groups 
are generally subdivided according to the prevalence of the different protoxide elements. 
Yet here, also, the gradation from one scries to another is in general by almost insensible 
shades as to composition and chemical characters, as well as all physical qualities. 


I. Containing little oh no Alumina. 

1. Lime-Magnesia Pyroxene ; Malacolite. Diopside, Alalite, White Coccolite. Color 
white, yellowish, grayish- white to pale green. In crystals : cleavable and granular massive. 
Sometimes transparent and colorless. G. =3*2-338. Formula, CuMgSiyOs — Silica 55 'G, mag- 
nesia 18*5, lime 25 9. Sometimes Ca : Mg=l : 2 ; less than 4 p. o. of iron are present. 

2. Lime- Magnesia Iron Pyroxene ; Saiilitk. Color grayish-green to deep green and block; 
sometimes grayish and yellowish- white. In crystals ; also chavuble and granular massive 
G. =3 25-3 4. Named from Sala in Sweden, one of its localities, where the mineral occurs 
in masses of a grayish-green color, having a perfect cleavage parallel to the basal plane {0). 
Formula (Ca, Mg, Fe)Si0 3 . The ratio of Ca : Mg : Fe varies much, =5 : 3 : 1, 2 : 2 : l,etc. The 
ratio=4 : 3 : 1, corresponds to silica 537, magnesia 13 4, lime 24 0, iron protoxide 8 0=100. 

Diallage. Part of the so-called diallage , or thin foliated pyroxene, belongH here, and the 
rest under the corresponding division of the aluminous pyroxenes. Color grayish green to 
bright grass-green, and deep green; lustre of cleavage surface pearly, sometimes motalloidal 
or brassy. H.=4. G. =3*2-3 *35. Composition near the preceding ; analysis by vom Rath, 
Neurode, SiO, 53 GO, A10 3 1 '90, FeO 8 05, MnO 0 28, MgO 13*08, OaO 21*00, H O 0*80=00 *82. 
With this variety belongs part also of what has been called hypcrsthene and bromite— the part 
that is easily fusible. Common especially in serpentine rocks. Named from AiMuyi^ dif- 
ference, in allusion to the dissimilar cleavages. 

3. Iron- Lime Pyroxene. Hedenbehgite. Color block. In crystals, and also lamellar 
massive ; cleavage easy parallel to i-i. G. =3*5-3*58. Formula CaFeSi a O 0 (Mg being absent) 
= Silica 48 39, lime 22 18, iron protoxide 20*43 = 100. Asteroite is a similar pyroxene con- 
taining also Mn (Igelstrom), Sweden. 

4. Lime-Iron- Manganese- Zinc Pyroxene; Jkffersonite. Color greenish -black. Crystal* 
often very large (3-4 in. thick), with the angles generally rounded, and the faces uneven, a* 
if corroded. G. =3*30. Analysis, Franklin, N. J., by Pisani, SiO, 45*05, A10 3 0*85, FeO 
8*91, MuO 10 20, ZnO 1015, CaO 21*55, MgO 3*01, ign 0*35=101 *57. 


II. Aluminous. 

Aluminous Lime-Magnesia Pyroxene; Lkucaugite {Dana). Color white or grayish. 
Analysis, Bathurst, C., by Hunt, SiO, 5150, A10 3 G*15, FeO* 0 35, MgO 17 00, CaO 23*80 
H a O 1*10=100*59. Looks like diopside. H. =0*5. G. =3*19. Hunt. Named from Aevtcog, 
while. 

Aluminous Ume- Magnesia- Iron Pyroxene; Fassaite, Aug its. Color clear deep-green to 
greenish-black and black ; in crystals, and also massive ; subtranslucent to opaque. G. 
=3 ‘25-3*5. Contains iron, with calcium and magnesium, also aluminum. Analysis of augite 
from Montreal by Hunt, SiO a 49*40, AlO, 6 70, FeO a 7*83, MgO 13*06, CaO 21*88, Na a O 074, 
H a O 030=10011. 

a. F assail*! (or Pyrgorn). Includes the green kinds found in metamorphic rocks. Named 
from the locality at Fossa in Piedmont, which affords deep-green crystals, sometimes pistachio- 
green, like the epidote of the locality. 

b. Augite. Includes the greenish or brownish-black and black kinds, occurring mostly ia 
eruptive rocks, but also in metamorphic. Named from dvyry, lustre. 
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Fyr., etc. — Varying widely, owing to the wide variations in composition in the different 
varieties, and often by insensible gradations. Fusibility, from the almost infusible diallage 
to 3*75 in diopBide ; 3*5 in sahlite ; 3 in jeffersonite and augite ; 2*5 in hedenbergite. Va- 
rieties rich in iron afford a magnetic globule when fused on charcoal, and in general their 
fusibility vanes with the amount of iron. Jeffersonite gives with soda on charcoal a reaction 
for zinc and manganese ; many others also give with the fluxes reactions for manganese. Most 
varieties are unacted upon by acids. 

Diff. — See Amphibole, p. 297. 

Obs. — Pyroxene is a common mineral in crystalline limestone and dolomite, in serpentine, 
and in volcanic rocks ; and occurs also, but legs abundantly, in connection with granitic rocks 
and metamorphic schists. The pyroxene of limestone iB mostly the white and light-green or 
gray varieties; that of most other metamorphic rock, sometimes white or colorless, but 
usually green of different shades, from pale green to greenish- black, and occasionally black; 
that of serpentine is sometimes in fine crystals, but often of the foliated green kind called 
diaUage ; that of eruptive rocks is the black to greenish -black avgite. 

Prominent foreign localities are : malacolite ( diopnide ), Traverseilu, Ala in Piedmont; Sala, 
Tunaberg. Sweden ; Pargas ; Achmatovsk ; etc. Sahlite , Sala ; Arendal ; Degerbe ; Schwarzen- 
berg; etc. Hedenbergite, Tunaberg ; Arendal Augite, Fassathal ; Vesuvius; etc. — inmost 
dolerytic igneous rocks. 

In N. America common (see list of localities at the close of the volume). Some localities 
•re; In Mass., at the Bolton quarries. In Conn., at Canaan. In N. York , at Warwick. Mon- 
roe, Edenville, Diana. In N. Jersey, in Franklin. In Penn., near Attleboro’. In Canada, 
at Bytown, at Calumet I., at Grenville. 

Acmitk. — Monoclinic. In slender pointed crystals (hence name) in quartz. H. =6. G.= 

8*2-3*53. Color brownish to reddish-brown, in the fracture blackish -green. Opaque. Frac- 
ture uneven. Brittle. RSiO s ,R = Na.,,Fe, or Fe(Fe=3R); analysis by Rammelsberg, SiO* 
51*66, FeG 3 28*28, FeO 5*23, MnO 0*69, Na a O 12 40, K a O 0 43, TiO 1*11, ign 0*39=100*25. 
Kongsberg, Norway. 

-dSGiitiTK. — Near pyroxene in form, but contains alkalies. H. =5*5-G. G. =3*45-3*58. 
Color greenish- black. Subtranslucent to opaque. Analysis Ramm., Brevig, SiO, 50*25, A10» 
1-22, FeO, 22*07, FeO 8*80, MnO 1*40, CaO 5*47, MgO 1*28, Na.O 9 29, K a O 0 94=100*72. 
Also from Magnet Cove, Arkansas. 


RHODONITE. 

Triclinic, but approximately isomorphous with pyroxene. Cleavage: 1 
perfect; O less perfect. Usually massive. 

lI.=5 # 5-6*5. G.=3*4-3*68. Lustre vitreous. Color 
light brown ish-red, ilesh-red, sometimes greenish or 
yellowish, when impure; often black outside from ex- 
posure. Streak white. Transparent — opaque. Frac- 
ture conchoidal — uneven. Very tough when massive. 

Comp., Var. — MnSiO s = Silica 45*9, manganese protoxide 54 1 = 
100. Usually some Fe and Ca, and occasionally Zn replace part of the 
Mn. Ordinary, (a) Crystallized. Either in crystals or foliated. 
The ore in crystals from Paisberg, Sweden, was named Paisbergite 
under the idea that it was a distinct species. (6) Granular massive. 
Galcifei'ous ; Bust amite. Contains 9 to 15 p. c. of lime replacing 
part of the manganese. Often also impure from the presence of cal- 
oium oarbonate, which suggests that part of the lime replacing the manganese may have come 
fiom partial alteration Grayish-red. Zinciferous ; Fowlekite. In crystals and foliated, 
the latter looking much like eleavable red feldspar ; the crystals sometimes half an inch to an 
inch through. I /=86* 30', Torrey. G. =3 *44, Thomson. 

Pyr., etc. — B.B. blackens and fuses with slight intumescence at 2*5 ; with the fluxes gives 
reactions for manganese ; fowlerite gives with soda on charcoal a reaction for zinc. Slightly 
acted upon by acids. The calciferous varieties often effervesce from mechanical admix- 
ture with calcium carbonate. In powder, partly dissolves in hydrochloric acid, and the in 
soluble part becomes of a white color. Darkens on exposure to the air, and sometimes 
becomes nearly black. 

Obs. — Occurs at Longban, near Philips tad t in Sweden ; also in the Harz ; in the district of 
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Katherinenberg in the Ural; in Cornwall, etc. Occurs in Warwick, Mass. ; Blue ‘Hill Bay, 
Maine ; near Hinsdale, N. H. ; fowlerite ( heating ine ) at Hamburg and Sterling, New Jersey. 
Named from parlor, a rose , in allusion to the color. 

Babingtonite. — Triclinic. fiRSiOj+FeSiaO*, with R=Fe(Mn) : Ca(Mg)=2 : 8 (Eamm.). 
Analysis, Rammelsberg, Si0 3 51*22, Fe0 3 11*00, FeO 10*20, MuO 7 01, MgO 0*77, CaO 
10*82, ign= 0*44 =100 *92. Color greenish-black. Areudal; Nassau; DevouBhire; Baveno. 


SPODUMENE.* 

Monoclinic. 67=69° 40' /a/= 87°, O A 2~i = 130° 30'. Crystals 
large. Cleavage: i-i very perfect; I also perfect; 

1-i in traces; in strife on i-i. Twins: twinning-plane 523 

i-i. Also massive, with broad cleavage surface. 

II.=6*5-7. G.=3‘13-3*19. Lustre pearly. Cross 

fracture vitreous. Color grayish-green, passing into 
greenish-white and grayish-white, rarely faint-reddish. 

Streak uncolored. Translucent — subtranslucent. Frac- 
ture uneven. 

Comp. — 8RSi0 3 +4AlSi 3 0 l( ; It = Li 9 mostly. Silica 04*2, alu- 
mina 29*4, lithia0*4=100. Sometimes Li : Na(K)- 20 : 1, ltainm. 

Pyr., etc. — B B. becomes white and opaque, swells up, imparts 
a purple red color (lithia) to the liarae, and fuses at 3 5 to a clear 
or white glass. The powdered mineral, tuned with a mixture of 
potassium bisulphate and lluor on platinum wire, gives a more in- 
tense lithia reaction. Not acted upon by acids. 

Dili. — Distinguished by its perfect orthodmgonal as well as 
prismatic, cleavage ; has a higher specific gravity and more pearly Norwich, Mass, 

lustre than feldspar or scapolite. Gives a red ilame 11 B. 

Obs. — Occurs on the island of Ufco, Sweden; near Sterling and 
Lisens in the Tyrol; at Killiuey Bay, near Dublin, and at Peterhead in Scotland. At Goshen, 
Mass. ; also at Chesterfield and Norwich, Miifls. ; at Windham, Maine ; at Winchester, N. H.; 
at Brookfield, Ct. 

Petalite. — 3Li 3 Si a Oo+4A]SiuOi6=Silica 77*97, alumina 17*79, lithia 3*57, soda 0 07= 
100. Hamm. Q. ratio Li : A1 : Si=l : 4 : 20, or for bases to silicons 1 : 4. H.=C-G*5. G. 
x=2*5. Colorless; white. Utd, Sweden, Elba {canto rite ) ; Bolton, Mass. 


Ampldbole Section . 


ANTHOPHYLLITE. 

Orthorhombic. /a/= 125° to 125° 25'. Cleavage: id perfect, 1 lew 
so, i-i difficult. Commonly lamellar, or fibrous massive; fibres often very 
slender. 

H.=5*5. G.=3*l-3*2. Lustre somewhat pearly upon a cleavage sur- 

face. Color brown ish-gray, yellowish-brown, brownish-green, sometimes 
8ubinetallic. Streak uncolored or grayish. Translucent to subtranslucent. 
Brittle. Double refraction positive; optical axes in the brachy diagonal 
section. 
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Oomp.— (Fe,Mg)SiO«, Fe : Mg=l : 3=: Silica 55 '5, magnesia 27*8, iron protoxide 19*7= 

100 . 

.Fyr., etc. — B. B. fuses with great difficulty to a black magnetic enamel ; with the fluxes 
gives reactions for iron ; unacted upon by acids. 

Obs. — Occurs near Kongsberg in Norway, and near Modum. Also at Hermannschlag, 
Moravia. 

Anthophyllite hears the same relation to the Amphibole Group that enstatite and hyper- 
sthene do to the Pyroxene Group. 

Kupfperitk. — Probably MgSiO s , with a little Fe. 1 A 7=124° 30', hence an emtatite-horn - 
blende. Color emerald-green (chrome). Tunkinsk Mts. , Miask. Analysis of a similar min- 
eral from Perth, Canada, Thomson, SiOj 57'30, A10 3 3 20, FeO 210, MgO 29 30, CaO 3*55, 
ign. 8*55=99 30. 


AMPHIBOLE.* Hornblende. 

Monoclinic. C= 75° 2', 7 A 7= 124° 30', O A 14= 164° 10', c : b : d 
=0-5527 : 1*8825 : 1. Crystals sometimes stout, often long and Lladed. 
Cleavage: 7 highly perfect; i-i, i-i sometimes distinct. Lateral pianos 
often longitudinally striated. Twins: twinning-plane i-i, as in f. 527 (simple 
form f. 526), and 530. Imperfect crystallizations: fibrous or columnar, 
coarse or fine, fibres often like flax ; sometimes lamellar ; also granular 
massive, coarse or fine, and usually strongly coherent, but sometimes 
friable. 



H.=5~6. G.=2*9-3-4. Lustre vitreous to pearly on cleavage-taces ; 

fibrous varieties often silky. Color between black and white, through vari- 
ous shades of green, inclining to blackish-green. Streak uncolored, or paler 
than color. Sometimes nearly transparent ; usually subtranslucent — opaque. 
Fracture subconchoidal, uneven. Bisectrix, in most varieties, inclined about 
60 ° to a normal to O , and 15° to a normal to i-i; and double refraction 
negative. 


Comp., Var. — General formula RSiOa, as for pyroxene. Aluminum is present in most 
amphibole, aud when so it usually replaces silicon. It may correspond to two or more of the 
basio elements Mg,Ca,Fe,Mn,Na«,K 3 ,Ho ; and ft to Al, Fe or Mn. Fe sometimes replaces 
silicon, like Al. Much amphibole, especially the aluminous, contains some fluorine. The base 
calcium is absent from some varieties, or nearly 60 . 

The varieties of amphibole are as numerous as those of pyroxene, and for the same reasons; 
and they lead in general to similar subdivisions. 
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I. Containing little on no Alumina. 


Magnesia- Lime Amphibole ; Tremolite. Grammatite. Colors white to dark-gray. In 
distinct crystals, either long bladed or short and stout ; long and thin columnar, or fibrous ; 
also compact granular massive. 7 a 7= 124 J 80'. H. =5 0-G o. G. =2 9-8*1. Sometime* 
transparent and colorless. Contains magnesia and lime with little or no iron ; formula (Ca. 
Mg)SiO s , Ca : Mg=l : 3=Silica 57*70, magnesia 28 85, lime 18*35=100. Named Trenwlitehy 
Pini, from the locality at Tremola in Switzerland. 

Nephrite. — In part a tough, compact, fine grained tremolite, having a tinge of green oi 
blue, and breaking with a Rplintery fracture and glistening lustre. H. =G-G*5. G. =2 90-3*1. 
Named from a supposed efficacy in diseases of the kidney, from ve$p6<; y kidney. It occur* 
usually associated with tolcose or magnesian rocks. Nephrite or jiide was brought in the 
form of carved ornaments from Mexico or E^ru soon after the discovery of America. A simi- 
lar stone conies from China and New Zealand. 

A nephrite -like mineral, called bowenit.e , from Smithfield, R, I., having the hardness 5*5 is 
serpentine in composition. The jade of de Saussure is the sanssurite (see under Zoisitk) 
of the younger de Saussure. Another aluminous jade has been called jadeite (q. v.) by 
Damour. 

Mag nesia- Lime 'Iron Amphibole ; Actinolite. Strahlstein, Germ. Color bright-green 
and grayish-green. In crystals, either short or long-bladed, as in tremolite ; columnar or 
fibrous; granular massive. G. =8-3 2. Sometimes transparent. Contains magnesia and 
lime, with some iron protoxide, but seldom more than G p. o. ; formula (Ca,Mg,Fe)SiO>. 
The variety in long bright-green cryt-tals is called glassy actinolitr ; the crystals break easily 
across the prism. The fibrous and radiated kinds are often called asln stiform actinolite and 
radiated actinolite. Actinolite owes its green color to the iron present. 

Iron- Magnesia, Amphibole; Cummingtonite. Color gray to brown. Usually fibrous or 
flbro-lamellar, often radiated. G. =3 1-3 32. Contains much iron, with some magnesia, ami 
little or no lime. Formula (Fe,Mg)SiO s . Named from the locality. Cumin ington. Mass. 

Asbestus. Tremolite, actinolite, and other varieties of amphibole. excepting those con- 
taining much alumina, pass into fibrous varieties, the fibres of which an* sometimes very 
long, tine, flexible, and easily separable by the fingers, and look like flax. These kinds, like 
the corresponding of pyroxene, are called asbeetus (fr. the Greek for inofnnbustible). The 
colors vary from white to green and wood brown. The name amianthus is now applied usu- 
ally to the finer and more silky kinds. Much that is so called is chrysotile , or fibrous serpen- 
tine, it containing 12 to 14 p. c. of water. Mountain leather is a kind in thin flexible sheets, 
made of interlaced fibres ; and mountain cork (Bergkork) the same in thicker pieces ; both 
are so light as to float on water, and they are often hydrous. Mountain wood iBorgholz, 
Holzasbest, Gei'm ) is compact fibrous, and gray to broWn in color, looking a little like dry 
wood. 


II. Aluminous. 

Aluminous Magnesia- Lime Amphibole. (a) Edenite. Color white to gray and pale -green, 
and also colorless; G. =3 '0-3*059, Ramm. Resembles anthophyllite and tremolite. Named 
from the locality at Edenville, N. Y. (for analysis, see below.) To this variety belong various 
palc-colored amphiboles, having less than five p. c. of oxide of iron. 

( b ) Smauaodite JSaussure. A thin -foliated variety, of a light grass-green color, resembling 
much common green diallage. According to Boulanger it is an aluminous magnes : a-lime 
amphibole, containing less than 8| p. c. iron protoxide, and is hence related to edenite and 
the light green Pargas mineral. DesCloizeaux observes that it has the cleavage, and appar- 
ently the optical characters, of amphibole. H. =5; G.— 3. It forms, along with whitish or 
greenish saussurite, a rock. 

Aluminous Magnesia- Lime- Iron Amphibole. {a) Pargasite; (b) Hornblende. Colors 
bright, dark, green, and bluish-green to grayish-black and black. //\ 7=124° r-124 J 25’; 
G. =3 05-3 ’47. Pargasite is usually made to iuclude green and bluish-green kinds, occurring 
in stout lustrous crystals, or granular; and hornblende the greeniBh-black and black kinds, 
whether in stout crystals or long bladed. columnar, fibrous, or massive granular. But no 
line can be drawn between them. Pargasite occurs at Pargas, Finland, in bluish-green and 
grayish-black cry stals. 

Composition shown by the following analyses by Rommelsberg; (1) from Edenville; (2) 
Wolfs borg, Bohemia ; (3) Brevig. 
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SlO a 

AlO, 

FeO> 

FeO 

MnO 

MgO 

CaO 

Na.O 

K a O 

H a O(icrii ) 

(1) 

61*67 

5*75 

2-86 

— 

— 

23*37 

12*43 

0*75 

0*84 

0*46 = 

98*12 

(2) 

41*98 

14*31 

5-81 

7*18 

— 

14*06 

12*55 

1*64 

1*54 

0*26 = 

99*10 

<S) 

43 *28* 

6*31 

6-«2 

21-72 

1*13 

3-62 

9*68 

3*14 

2*65 

0*48= 

98 63 


* With 1*01 TiO a . 


Pyr., etc. — The observations under pyroxene apply also to this species, it being impossible 
to distinguish the varieties by blowpipe characters alone. 

Diff — Distinguished from pyroxene ( and tourmaline) by its distinct prismatic cleavage, 
yielding an angle of 124°. Also in colored varieties by its dichroism, when examined in thin 
sections. Fibrous and columnar forms are much more common than with pyroxene, lamellar 
and foliated forms rare. Crystals often long, slender, or bladed. Differs from the fibrous 
aeolites in not gelatinizing with acids. 

lsmnoiyhous and Dimoiyhous relations to Pyroxene . — The analogy in composition between 
pyroxene and hornblende has been abundantly illustrated. They have the same general 
formula ; and under this formula there is but one difference of any importance, viz. , that 
lime is a prominent ingredient in all the varieties of pyroxene, while it is wanting, or nearly 
io, in some of those of hornblende. The analogy between the two species in crystallization, 
or their essential isomorphism, was pointed out by G. Rose in 1831, who showed that the 
forms of both were referable to one and the same fundamental form. The prism I of horn- 
blende corresponds in angle to e-2 of pyroxene. Calculating froth the angle I A I in pyroxene, 
87° 5', the angle of t-2 is precisely 124 J 30 , or the angle /a / in hornblende. But while thus 
isomorphous in axial relations or form, they are also dimorphovs. For (1) the cleavage in 
pyroxene is parallel to the prism of 87° 5', and in hornblende to that of 124|°. (2) The occur- 

ring secondary planes of the latter are in general diverse from those of the former, so that the 
crystals differ strikingly in habit or system of modifications. Moreover, in pyroxene colum- 
nar and fine fibrous forms are uncommon ; in hornblende, exceedingly common. (3) The 
several chemical compounds under pyroxene have one-tenth higher specific gravity than the 
corresponding ones under hornblende. 

Voin Rath has described the occurrence of minute crystals of hornblende in parallel posi- 
tion upon crystals of pyroxene (Vesuvius), and in consequence of the relation between the two 
forms, thus brought out, suggests a change in the commonly accepted fundamental form of 
the latter. (Jahrb. Min., 1870.) This association of crystals of the two species in parallel 
position is not uncommon. 

Obs. — Amphibole occurs in many crystalline limestones, and metamorphic granitic and 
schistose rocks, and sparingly in serpentine, and volcanic or igneous rocks. Tremolite, the 
magnesia-lime variety, is especially common in limestones, particularly magnesian or dolomi- 
tic ; actinolite, the magnesia lime-iron variety, in steatitic rocks; and brown, dark-green, 
and black hornblende, in chlorite schists, mica schist, gneiss, and in vunous other rocks 
(•yenyte, dioryte, etc.), of which it forms a constituent part. Asbestus is often found in con- 
nection with serpentine. Hornblende is often disseminated in black prismatic crystals through 
trachyte, and also through other igneous rocks, especially the feldspathic kinds. 

Auasig and Teplitz in Bohemia, Tunaberg in Sweden, and Pargas in Finland, afford fine 
specimens of the dark-colored hornblendes. Actinolite in the Zillerthal ; tremolite at St. 
Gothurd, in granular limestone or dolomite; the Tyrol ; the Bannat, etc. Asbestus is found 
in Savoy, Salzburg, the Tyrol; in the island of Cor-ica. Some localities in the U. S. are : — 
Carlisle, Pelham, etc, Mass., cummingtonite at Cummington. In Conn., white crystals of 
tremolite in dolomite, Canaan. In JV. York, Willsboro 1 , St. Lawrence Co. ; Warwick ; with 
pyroxene at Edenv’ile; near Amity ; in Rossie ; the- variety pargasite in large white crystal* 
at Diana, Lewis Co. In Penn., actinolite at Mineral Hill, in Delaware Co.; at Unionville. 
In Maryland, actinolite and asbestus at the Bare Hills ; asbestus at Cooptown. 

Hexagonite. — D escribed as a new mineral by Goldsmith, but shown by Koenig to be only 
a variety of tremolite. From Edwards. St. Lawrence Co., N. Y. 

Arfvedsonitk.^— N ear hornblende, but contains alkalies. Analysis, Hamm. , Greenland. 
SiOj 51*22, A10 3 tr.. FeO s 23*75, FeO 7*80, MuO 1*12, CaO 2*08, MgO 0*90, Na„0 10*58, 
K«0 0 68, ign 0*16=98*29. Greeulwnd ; Brevig ; Arendal. 

Croc i do Lite. — C omposition uncertain, near arfvedsonite. Analysis, Stromeyer, SiO* 
61*22, FeO 34*08, MuO 0*10, MgO 2*48, CaO 0*03, Na^O 7 07, H O 4*80=09*78. Fibrous, 
asbestus-like. Sometimes altered to “ Fasei'quarz” Color lavender blue or leek-green. 
Orange river. So. Africa. Vosges Mts. 

Gastaldtte. — M onoclinic. Cleavage prismatic, l.\l = 124° 23' {like amphibole). H. = 
6-7. G.=3*044. Color dark-blue to azure-blue Streak greenish -blue. Q. ratio R : ft : Si 
=1 : 2 : 0; formula RarVl.SiuOji, with R = Fe.Mg.Ca Na>. Analysis, Struver. SiO. 58*55, 
A10 8 21*40, FeO 9*04, MgO 3 92, CaO 2 03, Na.O 4*77, K,0 tr=99*71. Occurs in chlorite 
■late in the valleys of Aosta and Looano. 

Glaucopuah b. — M onoclinic. Cleavage prismatic, i a /= 124 3 51 . H. =6 5. G. =3*0907 



OXYGEN COMPOUNDS — ANHYDROUS SILICATES. 


299 


Color blue, bluish-black. Q. ratio for bases to silicon 1 : 2. Analysis from Zermatt, Ire 
Bodewig, SiO* 57*81, A10 s 12 03, FeO, 2*17, FeO 5*78. MgO 13 07, CaO 2 20, Na a O 7*33 
-100*45. Also from island of Syra. 

Wichtisite, Finland. — Perhaps identical with glaucophune. 


BERYL* 

Hexagonal. O Al =150° 3'; c = 0*499. Habit prismatic, the prism 
often vertically striated. Cleavage: basal imperfect; lateral indistinct. 
Occasionally coarse columnar and 
large granular. 

II. = 7*5-8. G. = 2*63-2*70. 

Lustre vitreous, sometimes resin- 
ous. Color emerald-gieen, pale 
green, passing into light-blue, yel- 
low, and white. Streak white. 

Transparent — su btranslucent. 

Fracture conchoidal, uneven. Brit- 
tle. Double refraction feeble; 
axis negative. 

Var. — This species is one of the few that 
occur only in crystals, and that have no es- 
sential variations in chemical composition. There are, however, two prominent groups depend- 
ent on color, the color varying as chrome or iron is present ; but only the merest trace of either 
exists in any case. The crystals arc usually oblong prisms. 1. Emerald. Color bright 
emerald -green, owing to the presence of chromium. Hardness a little less than for beryl, 
according to the lapidaries. 2. Beryl. Colors those of the species, excepting emerald-green, 
and due mainly to iron. The varieties of beryl depending on color are of importance in the 
arts, when the crystals are transparent enough to bo of value us gems. The transparent 
bluish-greeu kinds are called aquamarine ; also apple green; greenish-yellow to iron-yel- 
low* and honey-yellow. Baoidsonitt ih nothing but greenish-yellow beryl from near Aberdeen ; 
and yoshenite is a colorless or white variety from Goshen, M iss. 

Comp. — Be 3 AlSi«OiH = Silioa (ill *8, alumina IDT, glucina 14*1 — 100. 

Pyr,, etc. — B.B. alone unchanged or becomes clouded; at a high temperature the edges 
are rounded, and ultimately a vesicular scoria is formed. Fusibility =5 *5 (Kobell). Glass 
with borax clear and colorless for beryl, a hue green for emerald. Slowly soluble with salt 
of phosphorus without leaving a siliceous skeleton. A yellowish variety from Broddho and 
Finbo yields with soda traces of tin. Unacted upon by acids. 

Diff. — Distinguished from apatite by its hurdness, not being scratched by a knife, also 
harder than green tourmaline ; from chrysoberyl by its form, and from euclase and topaz by 
its imperfect cleavage ; never massive. 

Oo.i.— Emeralds occur in clay slate, in isolated crystals or in nests (not in veins), near Muso, 
etc., in N. Granada; in Siberia. Transparent beryls (aquamarine*) are found in Siberia, 
Hindustan, and Brazil. Beautiful crystals also occur at Elba ; Ehrenfriedersdorf ; Schlacken- 
w*ald ; at St. Michael’s Mount in Cornwall ; Limoges in France ; in Sweden ; Fossum in Nor- 
way ; and elsewhere. 

Beryls of gigantic dimensions have been found in the United States, in N. IIamp. % at 
Acworih and Grafton, and in Mass., at ttoyalston ; but they are mostly poor in quality. A 
crystal from Grafton, according to Prof. Hubbard, measures 45 in. by 24 in its diameter, and 
a single foot in length by calculation weighs 1,075 lhs., making it in all nearly 2^ tons. 
Other localities are in Mass., at Barre ; at Goshen ; at Chesterfield. In Conn., at Iiaddam; 
Middletown ; at Madison. Id Penn., at Leiperville and Chester ; at Mineral Hill. 

Eudialyte. — RhombohedraL Color rose-red. Exact composition uncertain. Analysis, 
Pamour, SiO, 50*38, ZrO a 15*60, Ta.O* 0* 80, FeO 0 37, MnOl Ol, CaO 9 23, Na,0 13*10, 
Cl 1*48, H.O 1*25=09*37. West Greenland. Eucolite is similar, but contains also some 
of the cerium metals. Norway. 

Pollucite.*— 3 R.A:lSi 40 i«-f 2 aq with R = mostly Cs(Na.Li). If Na : Cs=l : 2, then 
SiOj 42 6, AlO 18*2, Cs,0 33 4, Na a O 3*7, H*0 2*1 = 100. Isometric. Colorless. Island oi 
Elba with castcrite. 
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ft. Unisilioates. General Formula K^Si0 4 . 

Chrysolite Group. 

CHRYSOLITE.* Olivine. Peridot. 

Orthorhombic. /A/= 94° 2' ; A 1-5 =128° 28' ; c : l : & -= 1*2588 : 

1*0729 : 1. 0 A 14 = 130° 26£'. i-3 
588 534 A i-2, ov. i-5, = 130° 2'. Cleavage : 

rather distinct. Massive and 
compact, or granular; usually in 
imbedded grains. 

II. = 6-7. G. =3*33-3*5. Lustre 
vitreous. Color green — commonly 
olive-green, sometimes yellow, 
brownish, grayish-red, grayish- 
green. Streak usually uncolored, 
rarely yellowish. Transparent — 
translucent. Fracture conchoidal. 

Oomp., Var. — (Mg,Fe) a Si0 4 , with traces at times of Mn, Ca, Ni. The amount of iron 
varies much. If Mg- : Fe=12 : 1, the formula requires Silica 41*39, magnesia 50*90, iron 
protoxide 7*71 = 100 ; Mg : Fe = 9 : 1, 6 : 1, etc., and in hyalosiderite 2:1. 

Pyr., etc. — B.B. whitens, but is infusible ; with the fluxes give* reactions for iron. Hya- 
losiderite and other varieties rich in iron fuse to a black magnetic globule. Some varieties 
give reactions for titanium and manganese. Decomposed by hydrochloric acid with separa- 
tion of gelatinous silica. 

Diff.— Distinguished by its infusibility. Commonly observed in small yellow imbedded grains, 

Obs. — A common constituent of some eruptive rocks ; and also occurring in or among meta- 
morphic rocks, with taleose schist, hypersthene rocks, and serpentine ; or as a rock formation ; 
also a constituent of many meteorites ( c.g ., the Pallas iron). 

Occurs in eruptive rocks at Vesuvius, Sicily, Hecla, Sandwich Islands, and most volcanic 
islands or regions ; in Auvergne ; at Unkel, on the Rhine ; at the Laacher See ; in dolerite oi 
basalt in Canada. Also in labradorite rocks in the White Mountains, N. H. ( [hyalosiderite ) ; in 
Loudon Co., Va. ; in Lancaster Co., Pa., at Wood’s Mine. 

The following are members of the Chrysolite Group : 

Fokstkkitu. — M g,Si0 4 . Like chrysolite in physical characters. Vesuvius. Boltonitk, 
essentially the same. Bolton, Mass. 

Montickllite, from Mt. S»mma, and Batkacititk, from the Tyrol, are (Ca^g^SiO*, 
with Ca : Mg=l : 1. H. =5-5*5. G. =3*03-8*25. Monticellite also occurs in large quantities 
(v. Hath) on the PeBmeda Alp, Tyrol, altered to serpentine and fassaite. 

Fayaute. — F e.,Si0 4 . G. =4-4 14. Color black. In volcanic rocks at Fayal, Azores ; 
Moume Mts., Ireland. 

Hoktonolite. — (F e,Mg).Si0 4 , with Fe : Mg=3 : 2. O’Neil mine, Orange Co., N. Y. 

Tkpiikoite* — M njSi0 4 . G. =4-4*12. Color reddish-brown. Sterling Hill, N. J.; Sweden. 

Roepfekitk. — A n iron- manganese -zinc chrysolite. H. =5*5-6. G. =3 *95-4 *08. Color 
dark -green to black. Stirling Hill, N. J. 

Knkbelite. — (Fe,Mn)iSi 04 , with Fe : Mn=l : 1. G.=4*12. Color gray. Donnemora. 

Leucopitanite.* — Composition given by the analysis (Hamm.) SiO a 47*03, AlOi 1 *03, BoO 
10*70, CaO 23*87, MgO 0-17, Na.O 11 *26, KX> 0*80, F 6*57=100*43. Orthorhombic. G. = 
2*97. Color greenish-yellow. Occurs in syenite on the island of Lamoe, Norway. 

Melipiianite (Melinophan).— Composition given by the analysis (Ramm.) SiO a 48 66, 
A10 a (PeO,) 1*57, BeO 11*74, OaO 26*74, MgO 0 11, Na a O 8*55, K.O 1*40, H a O 0*30, F 5*73 
=99*80. Q. =3*018. Orthorhombic. Color yellow. Fredriksviirn, Norway. 

WftiiLERiTE. — Composition given by the analysis (Ramm. ) SiO a 28*43, 0b 3 O» 14*41, ZiO, 
19*08, CaO 26*18, FeO^MnO; 2 50, Na a O 7*78=98*93. Monoclinic. G. =3*41. Color light- 
yellow. Near Brevig, Norway. 
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Willemite Group . 

WIXilaBMXTB. 

Hhombolicdral. R A E = 116° 1', O A E = 142° 17' ; c = 0*07378. Cleav- 
age: i-2 easy in N. Jersey crystals; easy in those of Moresnet. Also 
massive and in disseminated grains. Sometimes fibrous. 

H.=5*5. Ct.= 3*89-4TS ; 4*27, transparent crystals 535 

(Cornwall). Lustre vitreo-resinous, rather weak. Color 
whitish or greenish-yellow, when purest ; apple-green, 
flesh-red, grayish-white, yellowish-brown ; often dark- 
brown when impure. Streak uncolored. Transparent 
to opaque. Brittle. Fracture conchoidal. Double 
refraction strong; axis positive. 

Var. — The crystals of Moresnet and New Jersey differ in occurring 
forms. The latter are often quite large, and pass under the name of 
troostite ; they are commonly impure from the presence of man- 
ganese and iron. 

Comp. — Zn a Si0 4 = Silica 27*1, zinc oxide 72 D — 100. 

Pyr., etc. — B.B. in the forceps glows and fuses with difficulty to 
a white enamel; the varieties from New Jersey fuse from 8 *5 to 4. 

The powdered mineral on charcoal in R.F. gives a coating yellow 
while hot and white on cooling, which, moistened with solution of cobalt, and treated in O. 
F., is colored bright green. With soda the coating is more readily obtained. Decomposed 
by hydrochloric acid with separation of gelatinous silica. 

Obs — From Vieille-Montagne near Moresnet ; also at Stolberg ; at Raibel in Carinthin; 
at Xucsaina in Servia, and in Greenland. In New Jersey, at both Franklin and Stirling in 
such quantity as to constitute an important ore of zinc. It occurs intimately mixed with 
zincite and franklinite, and is found massive of a great variety of colors, from pale honey- 
yellow and light green to dark ash-gray and flesh -red ; sometimes in crystals ( troostite ). 


DIOPTASB. Emerald Copper. 

? Bhombohedral; tetartoliedral. E A E =12G° 24'; 0Aj?=148° 38' 

<5= 0 5281. Cleavage: E perfect. Twins: twinning- 

plane E. Also massive. 536 

H.=5. G.=3*278-3*348. Lustre vitreous. Color 

emerald-green. Streak green. Transparent — subtrans- 
lucent. Fracture conchoidal, uneven. Brittle. Double 
refraction strong, positive. 

Oomp. — Q. ratio for Cu : Si : H=1 : 2 : 1 ; formula H a CuSi0 4 
(Ramm.)= Silica 381, copper oxide 50*4, water 11*5=100. 

Pyr., etc. — In the closed tube blackens and yields water. B. B. 
decrepitates, colors toe flame emerald -green, but is infusible. With 
the fluxes gives the reactions for copper. With soda on charcoal a 
globule of metaUic copper. Decomposed by acids with gelatiniz&tion. 

Obs. — Dioptase occurs disposed in well-defined crystals and amor- 
phous on quartz, occupying seams in a compact limestone west of the 
hill of Altyn-Tubeh in the Kirghese Steppes ; also in the Siberian 
gold-washings. From Chase Creek, near Clifton, Arizona, in fine 
crystals, on a “ mahogany ore,” consisting of limonite and copper oxide. 

Phenacite.— B e 2 Si0 4 . Rhombohedral. Colorless. Resembles quartz. Takovaja ; Miask ; 
Durango, Mexico. 
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Friedelite. — Rhombohedral. 0 A 72=147°; 7?A 72=123° 42'. Cleavage: 0 easy. 
H.=4.75. G.=3.07. Also massive, saccharoidal. Color rose-red. Translucent. Double 
refraction strong, axis negative. Analysis, Si0 3 36.12, MnO (FeO tr) 63*05, MgO, CaO 2*96, 
H 2 0 7*87=100 This corresponds to the formula Mn<Si 8 O 10 -f 2H 2 0. If the water is basic, 
as in dioptase, with which it seems to be related in form, the formula is H4Mn4Si30i!.= 
RiSiO-j. This requires SiO a 36 00, MnO 66 80, H a O 7*20=100. Occurs with diallogite and 
alabandite at the manganese mine of Adervielle, Hautes-Pyren6es. (Bertrand, C. R., May, 
1876.) 


HELVTTE.* 

Isometric: tetrahedral. Cleavage: octahedral, in traces. 

H.=6-ti*5. G.=3*l-3*3. Lustre vitreous, inclining to resinous. Color 

honey-yellow, inclining to yellowish-brown, and siskin-green. Streak un- 
colored. Subtranslucent. Fracture uneven. 


Oomp. — Q. ratio for R : Si=l : 2 ; for Mn + Fe : Be = l : 1 ; formula 8(Be.Mn,Fe) 2 Si04-f 
(Mn.Fe)S (Hamm.). Analysis by Teich, Lupikko, Finland, Si0 2 30*31, BeO 10*51, MnO 
37*87, FeO 10*87, CaO 4*72, ign 0 22, S 5 95=99*95. 

Pyr., etc. — Fuses at 3 in R.F. with intumescence to a yellowish-brown opaque bead, becom- 
ing darker in R.F, With the fluxes gives the manganese reaction. Decomposed by hydro- 
chloric acid, with evolution of sulphuretted hydrogen, and separation of gelatinous silica. 

Obs. — Occurs in gneiss at Schwarzenberg in Saxony ; at Breitenbrunn, Saxony ; at Horte- 
kulle near Modum, and also at Brevig in Norway, in zircon-syenite. 


DANALITB.* 

Isometric. In octahedrons, with planes of the dodecahedron ; the dode- 
cahedral faces striated parallel to the longer diagonal. 

H.=5*5-6. G.=3*427. Lustre vitreo-resinous. Color flesh-red to gray. 
Streak similar, but lighter. Translucent. Fracture subconchoidal, uneven. 
Brittle. 


Oomp. — 8(Be,Fe,Mn,Zn) a Si04 + (Fe,Mn,Zn)S. Analysis : J. P. Cooke, Rockport, Si0 2 
81*78, FeO 27*40, MnO 6 28, ZnO 17*51, BeO 13 83, S 5*48=102*23. By subtracting from 
the analysis oxygen 2*74, equivalent to the sulphur, the sum is 99*49. 

Pyr., eto. — B. B. fuses readily on the edges to a black enamel. With soda on charcoal gives 
a slight coating of zinc oxide. Perfectly decomposed by hydrochloric acid, with evolution of 
sulphuretted hydrogen and separation of gelatinous silica. 

Obs. — Occurs in the Rockport granite, Cape Ann, Mass. , small grains being disseminated 
through this rock ; also near Gloucester, Mass. 

Eulytitk (Kieselwismuth, Germ.). — Isometric, tetrahedral; in minute crystals often 
aggregated together. H. =4. 5-5. G. =0*106. Color grayish- white to brown. Comp. A uni- 
silicate of bismuth, Bi 4 Si 8 0i 2 . Schneeberg. Agricolite. Composition similar, but form 
monoclinic. Occurs in globular masses having a radiated structure, and in indistinct groups 
of crystala Schneeberg (color hair-brown) and Johanngeorgenstadt (color wine -yellow). 

Bismutoferhitb. — Cryptocrystalline; generally massive. H.=3 5. G.=4*47. Color 

olive-green. Analysis (Frenzel) Si0 9 24*05, Fe0 8 33*12, Bi 8 0 8 42 83=100. Schneeberg. 
Hypochlorite is hornstone mixed with the above mineral and other impurities. 


Qamet &roup. 

GARNET.* Graaat, Germ. 

Isometric; dodecahedron, f. 537, and the trapezohedron 2-2, f. 538, 
the most common forms; octahedral form very rare. Distorted forms 
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shown in f. 345-352, pp. 105, 106. Cleavage : dodecahedral, sometimes quite 
distinct. Twins: twinning-plane octahedral. Also massive; granular, 
coarse, or fine, and sometimes friable ; lamellar, lamellae thick and bent. 
Also very compact, crypto-crystalline like saussurite. 



II. =6 *5-7*5. G.=3*15-4'3. Lustre vitreous — resinous. Color red, 
brown, yellow, white, apple-green, black; some red and green colors often 
bright. Streak white. Transparent — subtranslucent. Fracture subcon- 
choidal, uneven. Brittle, and sometimes friable when granular massive; 
very tough when compact cryptocrystalline. Sometimes doubly refracting 
in consequence of lamellar structure, or in some cases from alteration. 


Comp., Var Garnet is a unisilicate of elements in the sesquioxide and protoxide states, 

having the general formula R a BSiaOi 3 . There are three prominent groups, based on the 
nature of the predominating sesquioxide. 

I. Alumina garnet, in which aluminum (Al) predominates. 

II. Iron garnet, in which iron (Fe) predominates, usually with some aluminum. 

III. Chrome garnet in which chromium (€r) is most prominent. 

There are the foUowing varieties or subspecies, based on the predominance of one or another 
of the protoxides : 

A. (tRossulakite, or Lime- Alumina garnet. B. Pyrope, or Magnesia- Alumina garnet . 
C. Almandite, or Iron- Alumina garnet. D. Spessahtite, or Manganese- Alumina garnet . 
E. Andradite, or Lime-Iron garnet , including 1, ordinary; 2, manganesian, or lloihoffite ; 
3, yttriferous, or Tttcr-garneU F. Bkedhekgite, or Lime- Magnesia- Iron garnet. G. 
Ouvarovite, or Lime-Chrome garnet. Excepting the last, these subdivisions blend with one 
another more or less completely. 

A. Lime- Alumina garnet ; Grossul arite. Cinnamon stone. A silicate mainly of aluminum 
and calcium ; formula mostly Ca 8 AlSisOi 3 = Silica 40*0; alumina 22*8, lime 37 *2=100. But 
some calcium often replaced by iron, and thus graduating toward the Almandite group. Color 
(a) white; ( b ) pale green; (c) amber- and honey-yellow; (d) wine-yellow, brownish-yellow, 
cinnamon- brown* rarely ( e ) emerald-green from the presence of chromium. G. =8 '4-8*75. 

B. Magnesia- Alumina garnet ; Pyrope. A silicate of aluminum, with various protoxide 
bases, among which magnesium predominates much in atomic proportions, while in small pro- 
portion in other garnets, or absent. Formula (Mg,Ca,Fe,Mn) t AlSi 8 0i5. The original pyrope 
is the kind containing chromium. In the analysis of the Arendal magnesia-garnet, Mg : Ca : 
Fe+Mn=3 : 1 : 2; SiO* 42*45, A10» 22 47, FeO 9 29, MnO 0*27, MgO 13 43, CaO 6*53= 
100*44 Wacht. G. =8*157. The name pyrope is from nypuKdc, fire-like. 

C. Iron- Alumina garnet; Almandite. A silicate mainly of aluminum and iron ^Fe); 
formula Fe*AlSiaOn = Silica 36*1, alumina 20 6, iron protoxide 43*3=100; or Mn may re- 
place some of the Fe, and Fe part of the Al. Color fine deep-red and transparent, and then 
called precious garnet ; also brownish-red and translucent or subtransluoent, common garnet; 
black, and then referred to var. melanite, Part of common garnet belongs to the AndradiU 
group, or is iron garnet. 
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D. Manganese- Alumina garnet ; Sfessabtitb.* Color dark hyacinth-red (fr. Spessart), 
sometimes with a shade of violet, to brownish-red. G. =8 *7-4 *4. Analysis, Haddam, Ct., 
SiO a 86*16, Al f 0,1 9 *76, FeO 11*10, MnO 8818, MgO 0*28, CaO 0*58=100, Bamm. 

E. Lime-Iron garnet ; Andradite. Aplome. Color varioos, including wine-, topaa-, 
and greenish-yellow (topazolite), apple-green, brownish red, brownish-yellow, grayish-green, 
dark green, brown, grayish- black, black. G. =8.64-4. 

Comp.— Ca,FeSi,0, 3 , this includes : (a) Topazolite , having the color and transparency of 
topaz, and also sometimes green ; although resembling essonite, Damour has shown that it 
belongs here. ( b ) Cdophonite , a coarse granular kind, brownish-yellow to dark reddish- 
brown in color, resinous in lustre, and usually with iridescent hues ; named after the resin 
colophony. (c) Mdanite (named from plAae, black), black, either dull or lustrous; but all 
block garnet is not here included. Pyreneite is grayish-black melanite ; the original afforded 
Vanquelin 4 p. o. of water, and was iridescent, indicating incipient alteration. ( 5 ) Dark green 
garnet, not distinguishable from some alloohroite, except by chemical means. 

F. Lime- Magnolia Iron garnet; Beedberoite. A variety from Sala, Sweden, is here 
Included. Formula (Ca,Mg) 8 FeSi 3 0is = Silica 87 2, iron sesquioxide 38*1, magnesia 12*4, 
lime 17*8=100. It corresponds under Iron garnet nearly to aplome under Alumina garnet. 

G. Lime- Chrome garnet ; Ouvarovite. A silicate of calcium and chromium. Formula 
Cas6rSi,Oi2. In the Ural variety, a fourth of the chromium oxide is replaced by aluminum 
oxide ; that is, A1 : 6r= 1 : 3 nearly. Color emer;ild-green. H.=7*5. G.=3*41-3*o2. B.B. 
Infusible; with borax a clear chrome-green glass. Named after the Russian minister, Uvarof. 

Pyx., eto. — Most varieties fuse easily to a light-brown or black glass ; F. =3 in almandite, 
spessartite, grossularite, and allochroite ; 8 5 in pyrope ; but ouvarovite is almost infusible, 
F.=6. Allochroite and almandite fuse to a magnetic globule. Reactions with the fluxes 
▼ary with the bases. Almost all kinds react for iron ; strong manganese reaction in spessar- 
tite, and less marked in other varieties ; a chromium reaction in ouvarovite, and in most py- 
rope. Some varieties are partially decomposed by acids ; all except ouvarovite are decomposed 
after ignition by hydrochloric acid, and generally with separation of gelatinous silica. Decom- 
posed on fusion with alkaline carbonates. 

Diff — Ordinary garnets are distinguished from zircon by their fusibility B B., but they fuse 
tees readily than vesuvianite ; the vitreous lustre, absence of prismatic structure, and usually 
the form, are characteristic ; it has a higher specific gravity tlian tourmaline. 

Obs. — Garnet crystals are very common in mica schist, gneiss, syenitic gneiss, and horn- 
blende and chlorite schist ; they occur often, also, in granite, syenite, crystalline limestones, 
sometimes in serpentine, and occasionally in trap and volcanic tufa and lava. 

Some localities are: Cinnamon- stone ( Essonite ), Ceylon; Mussa-Alp in Piedmont. 
Grossularite , Siberia; Tellemark, Norway ; Ural. Almandite , Ceylon, Pegu, Brazil, and 
Greenland. Common garnet in large dodecahedrons, Sweden • Arendal and Kongsberg in 
Norway, and the Zillerthal. Melanite at Vesuvius and in the Hautes- Pyrenees ( Pyreneite ). 
Aplome at Schwarzenberg in Saxony. Spessartite at Spessart in Bavaria, Elba, at St. Marcel, 
Piedmont. l*yrope in Bohemia, also at Zoblitz in Saxony. Ouvarovite m the Urals. 

In N. America in Maine , Phippsburg, Rumford. Windham, at Brunswick, etc. In N. ITamp ., 
Warren. In Mass., at Carlisle; massive at Newbury ; at Chesterfield. In Conn ., trapezo- 
hedrons, 4-1 in , in mica slate, at Reading and Monroe ; Haddam. In N. York , at Roger's 
Rock ; Crown Point, Essex Co. ; at Amity. In N \ Jersey , at Franklin. In Penn . , in Chester 
Co., at Pennsbury ; near Knauertown, at Reims’ mine; at Chester, brown; in Leiperville, 
red; near Wilmington. In California , in Los Angeles Co., in Mt. Meadows; ouvarovite at 
New Idria ; pyrope, near Santa Fc, New Mexico. In Canada , at Marmora, at Grenville ; 
chrome -garnet in Orford, Canada. 

The cinnamon- stone from Ceylon (called hyacinth) and the precious garnet are used as gems 
when large, finely colored, and transparent. The stone is cut quite thin, on account of the 
depth of color, with a pavilion cut below, and a broad table above bordered with small facets. 
An octagonal garnet measuring 84 lines by 64 has sold for near $700. Pulverized garnet is 
sometimes employed as a substitute for emery. 


Vesuvianite Group. 

ZIRCON.* 

Tetragonal. 0Al-i = 147° 22'; c= 0*640373, Haidinger. /Al=r 
132° 10 . Faces of pyramids sometimes convex. Cleavage : I imperfect, 
1 leas distinct. Also in irregular forms and grains. 
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H.=7*5. G. =4*05-4*75. Lustre adamantine. Colorless^ pale yellow- 
ish, grayish, yellowish-gi*een, brownish-yellow, reddish-brown. Streak tin- 
colored. Transparent to Bubtranslucent and opaque. Fracture conchoidal, 
brilliant. Double refraction strong, positive. 



Var.— -The colorless and yellowish or smoky zircons of Ceylon have there been long called 
jargon* in jewelry, in allusion to the fact that, while resembling the diamond in lustre, they 
were comparatively worthless ; and thence came the name zircon. The brownish, orange, and 
reddish kinds were called distinctively hyacinth* — a name applied also in jewelry to some topaz 
and light-colored garnet. 

Comp. — ZrSi0 4 = Silica 33, zirconia 67=100. Klaproth discovered the earth zirconia in 
this species in 1789. 

Pyr., etc — Infusible ; the colorless varieties are unaltered, the red become colorless, while 
dark-colored varieties are made white ; some varieties glow and increaso in density by igni- 
tion. Not perceptibly acted upon by salt of phosphorus. In powder is decomposed when 
fused with soda on the platinum wire, and if the product is dissolved in dilute hydrochloric 
acid it gives the orange color characteristic of zirconia when tested with turmeric puper. Not 
acted upon by acids except in line powder with concentrated sulphuric acid. Decomposed 
by fusion with alkaline carbonates and bisulphates. 

Diff. — Distinguished by its adamantine lustre, hardness, and infusibility ; the occurrence of 
square prismatic forms is also characteristic. 

Obs.— Occurs in crystalline rocks, especially granular limestone, chloritic and other schists ; 
gneiss, syenite ; also in granite ; sometimes in iron-ore beds. 

Found in alluvial sands in Ceylon ; in the gold regions of the Ural ; at Arendal in Norway ; 
at Fredericksvam, in zircon-syenite ; in Transylvania ; at Bilin in Bohemia. 

In N. America, in N. York ; at Moriah, Essex Co., and in Orange Co.; in Warwick; near 
Amity; at Diana in Lewis Co.; also at Rossie. Jn JV. Jersey , at Franklin; at Trenton in 
gneiss. In iV. (Jar., in Buncombe Co.; in the sands of the gold washings of McDowell Co. 
In California, in the auriferous gravel of the north fork of the American river, and else- 
where. In Canada , at Grenville, etc. 


VESUVTANITE.* Idocrase. 

Tetragonal. <9Al-i=151° 45'; c = 0*537199 (v. Kokscharof). OM 
= 142° 46 1 A 1, ov. 1-i, = 129° 21/. Cleavage: I not very distinct, O 
still less so. Columnar structure rare, straight and divergent, or irregular. 
Sometimes granular massive. Prisms usually terminating in the basal plane 
O; rarely in a pyramid or zirconoid; sometimes the prism nearly wanting, 
and the form short pyramidal with truncated summit and edges. 
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G.= 3*349-3*45. 

551 


Lustre vitreous; often inclining to re- 
inous. Color brown to green, 
and the latter frequently bright 
and clear ; occasionally sulphur- 
yellow, and also pale blue ; some- 
times green along the axis, 
and pistachio-green transversely. 
Strealv white. Subtransparent — 
faintly subtranslucent. Fracture 
subconchoidal — uneven. Double 
refraction feeble, axis negative. 


Comp., Var, — Q. ratio for R : R : Si= 
4:8:7 (according* to the Jatest investi- 
gations of Rammelsberg). R=Ca (also 
Mg, Fe, or H 2 ,K 2 ,Na 2 ); R=:A1 and also Fe. 
If we neglect the water the empirical for- 
mula is R 8 ft..Si 7 O i{ fl, where tbe quantivalent ratio of bases to silicon is 1 : 1. The ratio of 
R : H varies much, which, as stated by Rammelsberg. is the explanation of the different 
varieties. Analyses by Rammelsberg. (1) Monzoni ; (2) Wilui, Siberia. 
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Pyr., etc. — B.B. fuBes at 8 with intumescence to a greenish or brownish glass. Magnus 
states that the density after fusion is 21)3-2 945. With the fluxes gives reactions for iron, 
and a variety from St. Marcel gives a strong manganese reaction. Oyprine gives a reaction for 
copper with salt of phosphorus. Partially decomposed by hydrochloric acid, and completely 
when the mineral has been previously ignited. 

Dif£ — Resembles some brown varieties of garnet, tourmaline, and epidote, but its tetragonal 
form and easy fusibility distinguish it. 

Obs. — Vesuvianite was first found among the ancient ejections of Vesuvius and the dolo* 
niitic blocks of Somina. It has since been met with most abundantly in granular limestone ; 
also in serpentine, chlorite schist, gneiss, and related rocks. It is often associated with lime- 
garnet and pyroxene. It has been observed imbedded in opal. 

Occurs at Vesuvius ; at Ala, in Piedmont ; at Monzoni in the Fassathal ; near Christiansand, 
Norway ; on the Wilui river, near L. Baikal ; in the Urals, and elsewhere. 

In N. America, in Maine . at Phippsburg and Itumford, abundant; Sandford (f. 551). In 
N. York, at Amity. In N. Jeisey, at Newton. In Canada, at Calumet Falls ; at Grenville. 

Mblilitb from Capo di Bove, and Humboldtilitk from Mt. Sorama, are similar in com- 

S osition. Analysis of the melilite by Damour. SiOj 38*34, A10 3 8 01, FeO a 10 02, CaO 32 05 , 
[gO 6‘7l, Na a O 212, K,0 1-51=99*30. Tetragonal. Color honey-yellow. 


Epidote Group . 

The species of the Epidote Group are characterized by high specific 
gravity, above 3 ; hardness above 5 ; fusibility B.B. below 4 ; an isometric 
crystallization, and therefore biaxial polarization ; the dominant prismatic 
angle 112° to 117° ; fibrous forms, when they occur, always brittle ; colors* 
white, gray, brown yellowish -green, and deep green to black, and some- 
times reddish. 

The prismatic angle in zoisite and other orthorhombic species is I A I; but in epidote it is 
the angle over a horizontal edge between the planes 0 and »*-t, tbe orthodiagonal of epidote 
corresponding to the vertical axis of zoisite, as explained under the latter species. 
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Moiioclinic. C = 89° 27' ; i- 2 A i-2 = 63° 8', 0 A 14 = 122 c 23' ; c : h : a 
= 0*43436 : 0*30719 : 1. O A 14 = 154° 3', O A -14 = 154° 15', t4 A -1 
= 104° 48', i-i A 1 = 104° 15'. Crystals usually lengthened in the direc* 
tion of the orthodiagonal, or parallel to i-i ; sometimes long acicular. 
Cleavage: i-i perfect; 14 less so. Twins: twinning-plano 14; also i4. 
Also fibrous, divergent, or parallel ; also granular, particles of various sizes, 
sometimes fine granular, and forming rock-masses. 



H.=0-7. G.=3*25-3*5. Lustre vitreous, on i-i inclining to pearly or 

resinous. Color pistachio-green or yellowish-green to brown ish-grecn, 
greenish-black, and black ; sometimes clear red and yellow ; also gray and 
grayish- white. Picochroism often distinct, the crystals being usually least 
yellow in a direction through 14 (see p. 1(56). Streak uncolored, grayish. 
Subtransparent — opaque; generally subtransluccnt. Fracture uneven. 
Brittle. 


Var. — Epidote has ordinarily a peculiar yellowish-green (pistachio) color, seldom found in 
other minerals. But this color passes into dark and light shades — black on one side, and 
brown on the other. Most of the brown and nearly all the gray epidote belongs to the species 
Zoisite ; and the reddish-brown or reddish-black containing much oxide of manganese, to 
the species Piedmoutite , or Manganepidot ; while the block is mainly of the species Allunite , 
or Cerium-epidote. 

Comp. — Quantivalent ratio for Ca : ft : Si— 4 : 9 : 12, and H : Ca=l : 4. The formula is 
then ILjCajHaSiflOje* R is Fe or Al, the ratio vurying from 1 : 2 to 1 : 0. Analysis, Unter- 
sulzbach, Tyrol, by Ludwig : SiO, 37 H:5, A 10., 22*03, Fe0 3 15 05, FeO 0-98, CaO 23*27, H,0 
2 *05 = 100 *76. As first shown by Ludwig, epidote contains about 2 p. c. water, which is 
given off only at high temperatures 

Pyr., etc. — In the closed tube gives water at a high temperature. B.B. fuses with intumes- 
cence at 3-3*5 to a dark brown or black mass which is generally magnetic. Reacts for iron 
and sometimes for manganese with the fluxes. Partially decomposed by hydrochloric acid, 
but when previously ignited, gelatinizes with acid. Decomposed on fusion with alkaline car- 
bonates. 

Di£ — Distinguished often by its peculiar yellowish-green color ; yields a magnetic globule, 
B.B. Prismatic forma often longitudinally striated, but they have not the angle, cleavage, 
or brittleness of tremolite. 

Obs. — Epidote is common in many crystalline rocks, as syenite, gneiss, mica schist, horn- 
blendic schist, serpentine, and especially those that contain the ferriferous mineral horn- 
blende. It often accompanies beds of magnetite or hematite in such rocks. It is sometimes 
found in geodes in trap ; and also in sandstone adjoining trap dikes, where it has been 
formed by metamorphism through the heat of the trap at the time of ita ejection. It also 
occurs at times in nodules in different quartz-ro< ks or altered sandstones. It is associated 
often with quartz, pyroxene, feldspar, axinite, chlorite, etc., in the Piedmontese Alps. 

Beautiful crystallizations come from Bourg d’Oisans, Ala, and Traversella, in Piedmont , 
Zermatt and elsewhere in Switzerland ; Monzoni in the Fassathal ; the Untersulzbochthoi and 
Zillerthal in the Tyrol 

In N. America, occurs in Mass., at Chester ; at Athol ; at Rome. In Conn. 9 at Haddam. 
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In AT. York, at Amity ; near Monroe, Orange Co. ; at Warwick. In N. Jersey . at Franklin 
In Penn at E. Bradford. In Michigan , in the Lake Superior region. In Canada , at St 
Joseph. 

Piedmontite (Manganepidot, Germ .). — A manganese epidote ; formula, HsCatftsSicOac, 
with ft principally Mn (also Al,Fe). Color reddish-brown. St. Marcel, Aosta valley, Pied- 
mont. 


ALLANITE. 


Monoclinic, isomorphous with epidote. C = 89° V ; O A 14 = 1 22° 50£', 

a .;_o. — ns° h • A — 


555 


i-2 A ir 2 = G3° 58' ; c : b : d = 
0-4S3755 : 0*312187 : 1 . Crystals 
either short, flat tabular, or long 
and slender, sometimes aeieular. 
Twins like those of epidote. Cleav- 
age: i^i in traces. Also massive, 
and in angular or rounded grains. 

II. = 5‘5-(). Gr.=3*0-4*2. Lustre 

submetallic, pitchy, or resinous — 
occasionally vitreous. Color pitch- 
brown to black, either brownish, greenish, grayish, or yellowish. Streak 

f ray, sometimes slightly greenish or brownish. Subtranslucent — opaque. 

racture uneven or subconchoidal. Brittle. Double refraction either dis- 
tinct, or wanting. 



Var. — AU/mite (Cerine). In tabular crystals or plates. Color black or brownish-black. 
G. =3 *50-3 95 ; found among specimens from East Greenland, brought to Scotland by C. 
Giesecke. BucklatnUle is anhydrous allanite in small black crystals from a mine of magnetite 
near Arendal, Norway. Referred here by v. Rath on the ground of the angles and physical 
characters. 

Orthite. Including, in its original use, the slender or aeieular prismatic crystals, often a 
foot long, containing some water. But these graduate into massive forms, and some orthites 
are anhydrous, or as nearly so as much of the allanite. The name is from op06s , straight. 
The tendency to alteration and hydration may be due to the slenderness of the crystals, and 
the consequent great exposure to the action of moisture and the atmosphere. II. =5-0. 
G. =2 ’80-0* 75. Lustre vitreous to greasy. 

Oomp. — Not altogether certain, as analyses vary considerably, some showing the presence 
of considerable water. According to Rammelsberg the Q. ratio for bases to silicon = 1 : 1 
(epidote=l£ : 1). Allanite has then the garnet formula, RsftSisOn, where R=Oe(La,Di), 
Fe(Mn), Cn(Mg), and occasionally Y,Na 3 ,K a , etc.; ft=Al or ¥e. Analysis, allanite (Hamm.), 
Fredrikshaab, SiO u 33 78, A10 s 14 03, Fe0 3 G3G, FeO 13 03, CeO 12*03, LaO(DiO) 5 07, CaO 
1212, H a O 1*78=100. 

Fyr., etc. — Some varieties give water in the closed tube. B.B. fuses easily and swells up 
(F.=2*5) to a dork, blebby, magnetic glass. With the fluxes reacts for iron. Most varieties 
gelatinize with hydrochloric acid, but 5 previously ignited are not decomposed by acid. 

Obs. — Occurs in albitic and common feldspathic granite, syenite, zircon- syenite, porphyry, 
white limestone, and often iu mines of magnetic iron. Allanite occurs in Greenland ; at 
Criffel in Scotland ; at Jotun Fjeld in Norway ; at Snarum, near Dresden ; near Schmiede- 
feld in the Thuringerwald. Cerine occurs at Bastniis in Sweden. Orthite occurs at Finbo 
and Ytterby in Sweden ; also at Krageroe, etc., in Norway ; at Miask in the Ural. 

In Mass., at the Bolton quany. In Conn., at Haddam. In N. York , Moriah, Essex Co.; 
at Monroe, Orange Co. In AT. Jersey , at Franklin. In Penn. , at E. Bradford in Chester Co. ; 
at Easton. Amherst Co., Va. In Canada , at St. Paul’s, C. W. 

Muromontite and Bodenite from Marienberg, Saxony; and Miciiaelsonite from 
Brevig, are minerals related to allanite. 


ZOISITB. 

Orthorhombic. I A I = 116° 40', O Al-l = 131° 14' ; c : l : & = 1*1493 
•- 1*62126 : 1 . Crystals lengthened in the direction of the vertical axis, and 
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vertically deeply striated or furrowed. Cleavage: i-l very perfect. Cora 
manly in crystalline masses longitudinally furrowed. 

Also compact massive. 

H.=6-6*5. G.=3*11-3*3S. Lustre pearly on i-l ; 
vitreous on surface of fracture. Color grayish-white, 
gray, yellowish, brown, greenish-gray, apple-green; 
also peach-blossom- red to rose-red. Streak uncolored. 

Transparent to subtranslucent. Double refraction 
feeble, optic-axial plane i-l ; bisectrix positive, normal 
to i-l ; DesCl. 

Var. — Lime-Zoisite. 1. Ch'dinary. Colors gray to white 
and brown. 2. Hone-red, or ThuUte. G. =8*124 ; frugile ; diehro- 
ism strong, especially in the direction of the vertical axis ; in this 
direction reddish, transversely colorless ; from Norway, Piedmont. 

Sau&mrite , which forms with smaragdite the euphotideof the Alps, 
is a lime -soda zoisite. 

Oomp. — A lirae-epidote, with little or no iron, and thus differing from epidote. Q. ratio 
as in epidote, H : Ca=l : 4, and Ca : li : Si=4 : 1) : 12, whence the formula ILCaJtaSioOan. 
Analysis, Ilamm., Goshen (G. =8*841) SiO. 40*00, A 10 3 80 07, FcO a 2*45, CaO 28*01, MgO 
0 40, HjO 2*25 = 09 88. The amount of iron se^quioxide varies from 0 to 0*88 p. c. ; if much 
more is present, amounting to a sixth atomically of the protoxide bases, the compound 
appears to take the monoclinic form of ^pidote. instead of the orthorhombic of zoisite. 

Pyr., etc. — B.B. swells up and fuses ai 8-8*5 to a white blebby mass. Not decomposed by 
acid ; when previously ignited gelatinizes with hydrochloric acid. 

Obs — Occurs at Saualpc in Cariuthia ; Baireuth in the Fichtelgobir^e ; Sterzing, Tyrol ; 
Lake Geneva; Schwarzwald; Areudal, etc. In the United States, found in Vermont , at 
WiJlsboro and Montpelier. In at Goshen, Chesterfield, etc. In Penn,, in Chester Co ; 

at Unionville, white ( Unionite). In Tcnn at the Ducktown copper mines. 

Jadeite is one of the kinds of pale green stones us< d in China for making ornaments, and 
passing under the general name of jade or nephrite. Mr. Pumpelly remarks that the fntsui 
is perhaps the most prized of all stones among the Chinese. In composition mainly a silicate 
of aluminum and sodium. In its high specific gravity like zoisite. 

Gadolinite. — M onoclinic (DesCl.), Color greenish-black. Contains yttrium, cerium, and 
generally beryllium ; though the last is sometimes absent, through alteration (DesCl.). 
Sweden ; Greenland ; Norway. 

Mosandrite. — A silicate containing titanium, ecriupi, and calcium. Brevig, Norway. 
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ILVAITE. Lievrite. Yenite. 


Orthorhombic. /A 7=112° 3s', () a l-l = 140° 24' ; c : l : d = 0*66008 
1*5004 : 1. O A 1 = 141° 24', 0 A 2-1 = 138° 20'. Lateral 
faces usually striated longitudinally. Cleavage: parallel 
to the longer diagonal, indistinct. Also columnar or com- 
pact massive. 

II.=5*5-6. G.=3*7-4*2. Lustre submetallic. Color 

iron-black, or dark grayish-black. Streak black, inclining 
to green or brown. Opaque. Fracture uneven. Brittle. | | r | f .y , | $ 



Oomp — Q. ratio, for B+ft : Si : H=0 : 8 : 1, and for bases, including 
hydrogen, to silicon 5 : 4 (Stadeler). Sipocz by the analysis of entirely 
unaltered crystals (G. =4*087) from Elba confirms the conclusions of 
Stadeler in regard to the presence of chemically combined water, and 
adopts the same formula, viz.: — H a Ca3Fe4FeSi.,0| ( ,. This requires; 

Silica 29*84, iron sesqoioxide 19*50, iron protoxide 85 21, lime 13*09, 

water 2*20=100 ; manganese protoxide is also sometimes present in small quantities. Bam 

melsberg considered the water as due to alteration. 
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Pyr., etc. — B. B. fuses quietly at 2 5 to a black magnetic bead. With the fluxes reacts foi 
Iron. Some varieties give also a reaction for manganese. Gelatinizes with hydrochloric acid. 

Obs. — Found in Elba, and at the mine of Temperino in Tuscany. Also at Fossum and at 
Skeen in Norway ; in Siberia ; near Andreasberg ; near Predazzo, Tyrol ; at Schneeberg ; at 
Hebron in Nassau ; at Kangerdluarsuk in Greenland. 

Reported as formerly found at Cumberland, R. I. ; also at Milk Row quarry, Somerville, 
Mass. 

Audennite (Dewalquite). — Near ilvaite in form. Habit prismatic; vertically striated. 
Composition given by the analyses, Lasaulx and Bettendorf, SiO a 29*60, A10 8 28*50, MnO 
25*88, FeOa 1*68, CaO 1*81, MgO 8 *38, V 2 0 6 9*20, ign. 4 04= 99 *09. Color dark rosin-brown. 
In thin splinters transparent. Other varieties, of a bright sulphur-yellow color (but opaque 
and dull), contain arsenic (9-33 p. c. As,0 6 ) instead of vanadium. Between these two ex- 
tremes are a series of compounds containing both arsenic and vanadium. Lasaulx regards 
the arsenic-ardennite as having come from the other through alteration. Locality, Ottrez in 
the Ardennes, Belgium. Robcoklite (p. 867) is another silicate containing vanadium. 


AXINITE. 

Triclinic. Crystals usually broad, and acute-edged. Making m = O, 
P = ' /, u = l f , a (braehyd.) : b (macrod.^ c = 0*49266 : 1 : 0*45112. Cleav 
age: i-l (v) quite distinct; in other directions indistinct. Also massive, 
lamellar, lamellae often curved ; sometimes granular. 
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H. =6*5-7. G.=3*271, Haidinger ; a Cornish specimen. Lustre highly 
glassy. Color clove-brown, plum-blue, and pearl-gray; exhibits triehroiem, 
different cold's, as cinnamon -brown, violet-blue, olive-green, being seen in 
different directions. Streak uncolored. Transparent to subtranslucent. 
Fracture conchoidal. Brittle. Pyroelectric, with two axes, the analogue (L) 
and antilogue (T) poles being situated as indicated in f. 558 (G. Bose). 

Comp. — Analyses vary. If it contains 2 p. c. water (Ramm.), and if B„ replaces Al, then 
it is a unisilicate with the formula RTRsSigOss, R=Fe,Mn.Ca,Mg, and K 2 , while ft=B*,AI 
(Bi : Al=l : 2). Analysis (Ramm.), Oisnns, Dauphine, SiO a 48 46, B.O* 5*61, AlO* 16*88, 
FeO, 2 80, FeO 0*78, MnO 2*62, CaO 20*19. MgO 1*73, K s O 0-11, H,0 1'45=101*08. 

Pyr., etc. — B. B. fuses readily with intumescence, imparts a pale green color to the O.F., 
and fuses at 2 to a dark green to black glass ; with borax in O. F. gives an amethystine Dead 
(manganese), which in R.F. becomes yellow (iron). Fused with a mixture of potassium bisul- 
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phate and fluor on the platinum loop colorB the flame green (boron). Not decomposed by 
acids, but when previously ignited, gelatinizes with hydrochloric acid. 

Obs. — Axinite occurs near Bourg d’Oisnns in Dauphiny ; at Santa Maria, Switzerland; at 
Kongsberg ; in Normark in Sweden ; in Cornwall ; in Devonshire, near Tavistock ; at Phipe- 
burg, Maine ; at Wales, Maine ; at Cold. Spring, N. Y. 

Danburite.*-— Triclinic. CaB 3 Si 2 08= Silica 48 8, boron trioxide 28*5, lime 22 7=100. 

Occurs with feldspar in imbedded masses of yellow color in dolomite, at Danbury, Ct. 


IOLITE. Cordierite. Dichroite. 
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Orthorhombic. In stout prisms often hexagonal. / A 1 = 119° 10' and 
60° 50', O A 1 -i =150° 49'. Cleavage : i-l distinct ; i-i 
and O indistinct. Crystals often transversely divided 
or foliated parallel with O. Twins: twinning-plane 
1 \ Also massive, compact. 

IL=7“7*5. Cx.=2-5G-2'67. Lustre vitreous. Color 

various shades of blue, light or dark, smoky-blue ; pleo- 
chroic, being often deep blue along the vertical axis, 
and brown isii-yellow or yellowish-gray perpendicular to 
it. Streak uncolored. Transparent — translucent. Frac- 
ture subcon choidal. 
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Comp. — Q. ratio for bases and silicon 4 : 5 or 1 : 1£. The Btate of oxidation of the iron is 
still unascertained, and hence there is uncertainty as to the proportion between the protoxides 
and sesquioxides. The ratio usually deduced for It : it : Si is 1 : II : 5. The formula lt J H l! Si 6 
Oj«, which corresponds to this ratio, =, if lt = Mg,Fe and Mg : Fe=2 : 1, Silica 49 4, 
alumina 33*9, magnesia 8 '8, iron protoxide 7 '9 = 100. 

Pyr., etc. — B B. loses transparency and fuses at 5-5*5. Only partially decomposed by 
acids. Decomposed on fusion with alkaline carbonates. 

Obs. — Iolite occurs in granite, gneiss, hornblendic, chlorite and hydro-mica s ihist, and allied 
rocks, with quartz, orthoclase or albite, tourmaline, hornblende, andalusite, and sometimes 
beryl. Also rarely in volcanic rocks. Occurs at Botjenmais, Bavaria ; at TJjordlersoak in 
Greenland ; at Kragerde in Norway ; Tunaberg in Sweden ; Lake Loach. At Haddam, Conn.; 
at Brirnfield, Mass.; also at Richmond, N. 11. 

Alt. — The alteration of iolite takes place so readily by ordinary exposure, that the mineral 
is most commonly found in an altered state, or enclosed in the altered iolite. For the dis- 
tinguishing characters of the different kinds of altered iolite, see Pinite, Faulunite, 
etc., under Hydrous Silicates. 


Mica Group* 

The minerals of the Mica group are alike in having (1) the prismatic 
angle 120° ; (2) eminently perfect basal cleavage, affording readily very 
thin, tough laminae; (d) potash almost invariably among the protoxide 
bases and alumina among the sesquioxide ; (4) the crystallization approxi- 
mately either hexagonal or orthorhombic, and therefore the optic axis, or 
optic-axial plane, at right angles (or nearly so) to the cleavage surface. 

Sodium is sparingly present in some micas, and is characteristic of the hydrous species 
paragonite (p. 354). Lithium, rubidium, and csesium occur in lepidolite, and lithium in some 
biotite Fluorine is often present, probably replacing oxygen. Titanium is found sparingly 
in several kinds, and is a prominent ingredient of one species, astropbyllite. It is usually 
regarded as in the state of titanium dioxide replacing silica ; but it is here made basic. 
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The species of the Mica group graduate into the hydrous micas of the Margarodite group 
(p. 881) ; and through these they also approach the foliated species of the Talc and Chlorite 
groups, especially the latter. 

PHLOGOPITE* 

Orthorhombic. 7 a/= 120°, and habit hexagonal. Prisms usually 
oblong six-sided prisms, more or less tapering, with irregular 
562 sides ; rarely, when small, with polished lateral planes. 
Cleavage basal, highly eminent. Not known in compact 
massive forms. 

H.=2*5-3. G.=2’78-2*85. Lustre pearly, often sub- 
metallic, on cleavage surface. Color yellowish-brown to 
brownish-red, with often something of a copper-like reflec- 
tion ; also pale brownish-yellow, green, white, colorless. 
Transparent to translucent in thin folia. Thin laminae 
tough and elastic. Optical-axial divergence 3°-20°, rarely 
less than 5°. 

Oomp. — The bases include magnesium and little or no iron. Q. ratio 
R : Si=l : 1. Formula probably (Ramm.) K i! Mg 0 AlSi 6 0 2 o= Silica 40 73, 
alumina 13*03, magnesia 32 '57, potash 12 *77=100. 

Fyr,, etc. — In the closed tube gives a little water. Some varieties 
give the reaction ior fluorine in the open tube, while most give little or 
no reaction for iron with the fluxes. B. B. whitens and fuses on the thin 
edges. Completely decomposed by sulphuric acid, leaving the silica in 
thin scales. 

Obg. — Phlogopite is especially characteristic of serpentine and crystalline limestone or 
dolomite. 

Occurs in limestone in the Vosges. Includes probably the mica found in limestone at Alt- 
Kemnitz, near Hirschberg ; that of Baritti, Brazil, of a golden-yellow color, having the optical 
angle 5° 30' and parallel to the shorter diagonal (Grailich; ; and a brown mica from limestone 
of Upper Hungary, affording Grailich the angle 4-5°. 

Occurs in New York, at Gouvemeur ; at Pope’s Mills. St. Lawrence Co. ; at Edwards ; 
Warwick; Natural Bridge; at Sterling Mine, Morris Co., N. J. ; Newton, N. J.; at St. Je- 
rome, Canada ; at Burgess, Canada West. 

Aspidolite (v. Kobell). — Approaches in composition a soda-phlogopite. Green. Foliated. 
Zillerthal, Tyrol. 

Manganopuyllite. — Q. ratio for R : ft : Si =3 : 1 : 4 (nearly). Foliated like the micas. 
Color bronze-red. Analysis, Igelstrdm, SiO* 38*50, :&10 3 11 ‘00, FeO 3 78, MnO 21*40, CaO 
8 ‘20, MgO 15*01, K a O(Na a O) 5*51, ign. 1*60=100. Paisberg, Sweden. 



BIOTITE* 

Hexagonal (?). 12 A 12 = 62° 57' (crystals fr. Vesuvius, Hessen berg) ; c = 
4 , 911126. Habit often monocli n ic. Prisms commonly tabular. Cleavage: 

basal highly eminent. Often in disseminated 
&08 scales, sometimes in massive aggregations of 

cleavable scales. 

II. =2*5-3. G.=2*7-3*l. Lustre splendent, 
and more or less pearly on a cleavage surface, 
and sometimes submetallic when black; lateral 
surfaces vitreous when smooth and shining. 
Colors usually green to black, often deep black 
in thick crystals, and sometimes even in thin 
laminae, unless the laiuinaB are very thin ; such 
thin laminae green, blood-red. or brown by transmitted light; rarely white* 
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Streak un colored. Transparent to opaque. Optically uniaxial. Some- 
times biaxial with slight axial divergence, from exceptional irregularities; 
but the angle not exceeding 5° and seldom 1°. 


Comp., Var. — Biotifce is a magnesia-iron mica, part of the aluminum (Al) being replace* 
by iron (Fe ), and Fe and Mg existing among the protoxide bases. Black is the prevailing color, 
but brown to white also occur. The results of analyses vary much, and for the rea-on already 
atated — the non-determination, in most cases, of the degreo of oxidation of the iron ; and 
the exact atomic ratio for the species and its limits of variation are therefore not precisely 
understood. The Q. ratio of bases to silicon is generally 1:1, that is the formula in general 
BjSi0 4 , where R=K.(Naj,Li 3 )Fe,Mg(Ca), or Al,Fe^JIt=ft). 

Analyses: 1, Ballyellin; 2, Vesuvius; 3, Portland, Conn. : 

SiOa AlOs FeO s FeO CaO MgO KjO Na a O Li a O ign 

(1) 35*55 17*08 23 70 5 50 3 08 9*45 0 35 4-30=90*01, Haughton. 

(2) 40-91 17*79 3 00 7 03 0 30 19 04 9 96 =98 03, Chodnew. 

(3) f 35*61 20*03 0-13 21 85 l*19MnO 5 23 9*69 0-52 0 93 1*87, F 0 70, TiO a 1'40, 

Cl tr. =99 27, Hawes. 

The above analyses give the ratio of unisilicates, when the water is neglected ; in others 
the ratio of 1 : 1 is obtained only when the water is brought into account. 

Pyr n etc. — Same as phlogopitc, but with the fluxes it gives strong reactions for iron. 

Obs — A common constituent of many volcanic rooks. Fine specimens obtained at Vesu- 
vius; L. Baikal; Zillerthal; Pargas ; Minsk; Sala. Also from Green wood Furnace, N. Y.; 
Moriah, N. Y. ; Easton, Penn. ; Topsham, Me., etc. 

The biotite of Vesuvius, according to the optical examination of Hintze, is motiooHnie. 
(See also Tschermak, Min. Mitth., 1876, 187.) 

• 


LEPIDOMBLANE. 

Hexagonal (?). In small six-sided tables, or an aggregate of minute scales. 
Cleavage: basal, eminent, as m other micas. 

II. =3. G.=3*0. Lustre adamantine, inclining to vitreous, pearly. 
Color black, with occasionally a leek-green reflection. Streak grayish- 
green. Opaque, or translucent in very thin laminae. Somewhat brittle, or 
but little elastic. Optically uniaxial ; or biaxial with a very small axial 
angle. 

Oomp, — An iron-potash mica. Q. ratio for bases and silicon 1:1; for R : It, mostly 1 ; 8, 
but varying to 1 to more than 3 ; of doubtful limits, on account of the doubts us to the state 
of the iron in most of the analyses. Differs from biotite in the smaller proportion of prot- 
oxides and little A1 and Mg, but appears to agree with it in optical characters. 

Pyr., etc. — B.B. at a red heat becomes brown and fuses to a black magnetic globule. 
Easily decomposed by hydrochloric acid, depositing silica in scales. Analysis, Cooke, Rock- 
port, Mass., SiCh 39*91, A10 3 1673, FeO s 12 07, FeO 17*48, MnO 0-54, MgO 0*62, K a O 10*66, 
Na.OCLi .O) 0 59, H a O 150, F0 45=100. 

Obs. — Occurs at Pereberg in Wermland, Sweden ; at Abborforss in Finland; in Ireland, ia 
Donegal and Leinster Cos. ; at Ballyellin, etc. From Cape Ann, Mass. (Anmte). 

Astrophyllite. — Usually in tabular prisms. Color bronze-yellow. Analysis, Pisani, SiOs 
38-22, TiOa 7-66, AlO, 4 32, FeO, 4 05, FeO 25 48, MnO 10 70, MgO 137, CaO 1*22, Na,0 
9-71, K,0 6*29, H a O 2 01=99 03. Brevig, Norway ; El Paso County, Colorado. 


MUSCOVITE!. Kaliglimmer, Germ.* 

jtfonoclinic (Tschermak). /a/ =120°. Cleavage: basal eminent, 
occasionally also separating in fibres parallel to a diagonal. Twins : often 
observable 1>y internal markings, or by polarized light ; composition parallel 
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to 1 consisting of six individuals thus united ; sometimes a union of / tc 
irl. Folia often aggregated in stellate, plumose, or globular forms; cr in 
scales, and scaly massive. 
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Miask, Ural. 




H.=2-2*5. G.=: 2*75-3*1. Lustre more or less pearly. Color white, 
gray, brown, hair-brown, pale green, and violet, yellow, dark olive-green, 
rarely rose-red ; often different for transmitted and reflected light, and dif- 
ferent also in vertical and transverse directions. Streak uncolored. Trans- 
parent to translucent. Thin laminae flexible and elastic, very tough. Double 
refraction strong; optic-axial angle 44°-78° ; the axial plane makes an angle 
of 88° 20' (Tschermak) with the base. 

feomp. — The quantivalent ratio for bases and silicon is generally 4 : 5 (1 . Ip), rarely 3 . 4, 
eta Water is generally present, sometimes as much as 5 p. c. ; and the kinds containing 
from 3 to 5 p. c. water have been referred to the species margarodite (p. 353). If the 

i 

water is regarded as chemically combined, that is, as basic, the Q. ratio for U : It : Si is then 

—1 : 8 : 4 (R : Si=l : 1), also 1:6:8, 1:2:4, 1:3:5, etc. R here is potassium (K) 
mostly, but also hydrogen (II). fir- aluminum mostly, also iron. Fluorine is often present, 
but at most not more than about 1 p. c. Analysis, Smith and Brush, Monroe, Ct,., SiOj 46 *50, 
A10 s 33*91. FeO a 2*69, MgO 0*90 Na 2 0 2*70, K O 'i *32, H,0 4*63, F 0*82, 01 0*31=99*78. 

Pyr., etc. — In the closed tube gives water, which with brazil-wood often reacts for fluorine. 
B.B. whitens and fuses on the thin edges (F. =5*7, v. Kobell) to a gruy or yedow glass. With 
fluxes gives reactions for iron and sometimes manganese, rarely chromium. Not decomposed 
by acids. Decomposed on fusion with alkaline carbonates. 

Obs. — Muscovite is the most common of the micas. It is one of the constituents of granite, 
gneiss, mica schist, and other related rocks, and is occasionally met with in granular lime- 
stone, trachyte, basalt, lava; and occurs also disseminated sparingly in many fragmental 
rocks. Coarse lamellar aggregations often form the matrix of topaz, tourmaline, and other 
mineral species in granitio veins. 

Siberia affords laminae of mica sometimes exceeding a yard in diameter ; and other remark- 
able foreign localities are Finbo in Sweden, and Skutterud in Norway. Fuclmte or chromium 
mica occurs at Greiner in the Zillerthal, at Passeyr in the Tyrol, and on the Dorfner Alp, as 
well as at Sohwarzenstem. 

In N. Ilamp. , at Aoworth, Grafton, etc., in granite, the plates at times a yard across and 
perfectly transparent. In Maine, at Paris ; at Buckfield. In Mass. , at Chesterfield ; at Goshen. 
In Conn,, in Portland ; near Middletown. In N. York , near Warwick; Edenville ; in the 
town of Edwards. In Penn at Pennsbury; at Unionville; Delaware Co., at Middletown. 
In Maryland, at Jones's Falls. In western North Carolina, where it is mined. 


| LEPEDOLITB.* Lithia Mica. Lithionglimmer, Germ . 

Orthorhombic. / A 1 = 120°. Forms like those of muscovite. Oleav* 
Age: basal, highly eminent. Also massive scaly-granular, coarse or fine. 
H.=2*5-4. G. =2*84-3. Lustre pearly. Color rose-red, violet-gray, oi 
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Hlftc, yellowish, grayish-white, white. Translucent. Optic-axial angle 
70°-78° ; sometimes 45 o -G0°. 


Comp. — Q. ratio for bases and silicon mostly 1:1$; and for R : ft : Si=l : 3 : 6, or 1 : 4 

: 8; the formula in the latter case is R«Al<Sii a Oio. ft includes potassium, also lithium, 
rubidium, and caesium ; and, in the Zinnwald mica, thallium has been detected. Fluorine is 
present, and the ratio to oxygen mostly 1 : 12. Analysis, Reuter, from Rozena, SiO a 50*43, 
AlOa 28*07, MnO a 0*88, MgO 1 42, K,0 10*59, Na a O 1*46, Li.O 1*23, F 4*80=98*94. 

Pyr., etc.— In the closed tube gives water and reaction for fluorine. B.B. fuses with in- 
tumescence at 2-2*5 to a white or grayish glass, sometimes magnetic, coloring the flame 
purplish-red at the moment of fusion (lithia). With the fluxes some varieties givo reactions 
for iron and manganese. Attacked but not completely decomposed by acids. After fusion, 
gelatinizes with hydrochloric acid. 

Obs. — Occurs in granite and gneiss, especially in granitio veins, and is associated some- 
times with cassiterite, red, green, or black tourmaline, amblygonite, etc. Found near Uto 
in Sweden ; at Zinnwald in Bohemia ; Penig, etc. in Saxony ; in the Ural ; at Rozena in 
Moravia ; on Elba ; at St. Michael's Mount in Cornwall. In the United *tates, at Paris and 
Hebron, Me. ; near Middletown, Conn. 

Named lepidolite from scale, after the earlier German name Schujvpcmtein , alluding 
to the scaly structure of the massive variety of Rozena. 

Cryopiiyllite (Cooke) — Q. ratio R : ft : Si— 3 : 4 ; 14, with R=Fe,K a ,Li a (Na,Rb,Cs t )i 
and ft= AL Orthorhombic. In scales like the micas. Color by transmitted light emerald 
green. Cape Ann, Mass. 


Scapolite Group . 

* In the species of the Scapolite group, the qu anti valent ratio varies from 
1:1:2, 1:2:3, 1:3:4, to 1:2:4 and 1 : 2 : 6£, but tiie species are 
closely alike in the square-prismatic forms of their crystals, in the small 
number and the kinds of occurring planes, and in their angles. The species 
are white, or grayish-white, in color, except when impure, and then rarely 
of dark color; the hardness 5-6*5. G. =2*5-2*8. The alkali-metal present, 
when any, is sodium, with only traces of potassium. An increase in the 
amount of alkali is accompanied by an increase in the silica. 


MEIONTTE.* 


Tetragonal: O Al-i = 156° 18'; c = 0*439. Sometimes hemihedral in 
the planes 3-3, the alternate being wanting. Cleavage : i-i 667 

and I rather perfect, but often interrupted. 

H.=5*5-6. G.=2*6-2 # 74. Lustre vitreous. Colorless 
to white. Transparent to translucent ; often much cracked 
within. 


Comp. — Q. ratio for R : ft : Si— 1 : 2 : 3 ; formula R n ft 4 Siu0 3 o. If R= 

Ca : Na a =10 : 1, and ft=Al ; this is equivalent to Silica 41*0, alumina 
81*7, lime 24*1, soda 2*6=100. Neminar has found that meionite loses 
1 p. c. water at a very high temperature, so that R must be also replaced 
tjy H a ; his analysis gives approximately the ratio 1 .*2:3. 

Pyr., etc. — B.B. fuses with intumescence at 3 to p, white blebby glass. 

Decomposed by acid without gelatinizing (v. Rath). 

Obs.— Occurs in small crystals in geodes, usually in limestone blocks, on Monte Somma, 
Bear Naples. 
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WERNERITE .* Scapolifce. 


568 


Tetragonal: <?Al-2 = 156° 14J'; c = 0*4398. Often liemihedrai in 
planes 3-3 and i-2 (p. 30). Cleavage: i-i and /rather 
distinct, but interrupted. Also massive, granular, or 
with a faint fibrous appearance ; sometimes columnar, 
H.=5-6. G.=2*63-2*8. Lustre vitreous to pearly 
externally, inclining to resinous; cleavage and cross- 
fracture surface vitreous. Color white, gray, bluish, 
greenish, and reddish, usually light. Streak uncolored. 
Transparent — faintly subtransiucent. Fracture sub- 

conchoidal. Brittle. 



* , Comp.— Q. ratio for R : ft : Si=l : 3 : 4 (R+ft : Si=l : 1); 

formula RRSi a Og_ Ca(Na a )AlSi a O*. Analysis, v. Rath. Pargas, SiO a 45*46, AlO^ 30*96, CaO 
17*22, Na a O 2*29, K a O 1 *31, H a O 1*29 = 98*53. Some varieties vary widely from the above 
ratio. 

Pyr., etc. — B.B. fuses easily with intumescence to a white blebby glass. Imperfectly de- 
composed by hydrochloric acid. 

Diff. — Recognized by its square form ; resembles feldspar when massive, but has a charac- 
teristic fibrous appearance on the chav age surface ; it is also more fusible, and has a higher 
specific gravity. 

Obs. — Occurs in mptamorphic rocks ; sometimes ia beds of magnetite accompanying lime- 
stone. Some localities are : Arendal, Norway; Wermland; Pargas, Finland ; L. Baikal, etc. 
In the following those of the wernerite and ekcbergite are not yet distinguished. In Mass., 
at Bolton ; Westfield. In Conn , at Monroe. In iV. York , in Warwick ; in Orange and 
Essex Co., etc. In JV. Jersey , at Franklin and Newton. In Canada , at G. Calumet Id. » 
at Hunterstown ; Grenville. 

The following are other members of the scapilite group : 

Saucolite. — Q. ratio for R: ft : Si=l : 1 : 2. In minute flesh-red crystals at Mt 
So mm a. 

Pauantiiitk. — Q. ratio=l : 3 : 4. Ekebeiigite. Q. ratio =1 : 2 : 4£, containing 6-8 p. 
o. soda. Mizzonite. Q. ratio^l : 2 : 5£, containing 10 p. c. soda. In crystals at Mt. Somma, 
Dxpykk. Q. ratio=l : 2 : 6, and for Ca : Naj=l : 1. Mari a LITE. Q. ratio =1 : 2 ; 0. and 
for Ca : Na a =l : 2. 


Nephelite Group. 


Hexagonal. 

569 


NEPHBLITB. Nepheline. 

<?Al = 135° 55'; c = 0*839. Usual forms six-sided ami 
twelve-sided prisms with plane or modified sum- 
mits. Fig. 569, summit planes of a crystal. Cleav- 
age: /distinct, O imperfect. Also massive, com- 
pact; also thin columnar. 

II. =5 5-6. G.= 2.5-2*65. Lustre vitreous — 

greasy ; a little opalescent in some varieties. Color- 
less, white, or yellowish ; also when massive, dark- 
green, greenish or bluish-gray, brownish and brick- 
red. Transparent — opaque. Fracture subcon- 
choidal. Double refraction feeble ; axis negative. 

Var. — 1. Glassy, or Sommite . Usually in small crystals or 
grains, with vitreous lustre, firet found on Mt. Somma, in the 
region of Vesuvius. Davyne and canotinUs belong here. 
9. EksotiU. In large coarse crystals, or massive, with a greasy lustre. 
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Comp. — Somewhat uncertain, as all analyses give a little excess of silica beyond what is 
required for a unisilicate. Assuming that nephelite is a true unisilicate, the Q. ratio for 

R : ft : Si=l : 3 : 4, and the formula is (Na,K)aAlSiaO B (Ramm.); some of the Na a being 
replaced by Oa. Analysis, Scheerer, Vesuvius, SiOa 44*03, AlO# 33*28, FeO* (AinOa) 0*05, 
CaO 1*77. Na,0 15*44, K a O 4*94, H a O 0*21 = 100*32. The variety EicBoiite has the Bam* 
composition. 

Pyr., etc. — B.B. fuses quietly at 3*5 to a colorless glass. Gelatinizes with acids. 

Diff. — Distinguished by its gelatinizing with acids from scapolite and feldspar, as also from 
apatite, from which it differs too in its greater hardness. Massive varieties have a character- 
istic greasy lustre. 

Obs — Nephelite occurs both in ancient and modern volcanic rooks, and also metamorphic 
rocks allied to granite and gneiss, the former mostly in glassy crystals or grains (aotnmite), the 
latter massive or in stout crystals ( dceolite ). Nephelite occurs in crystals in the older lavas of 
Somma ; at Capo di Bove, near Rome ; in doleryte of Katzenbuckel, near Heidelberg, etc. 
El»olite is found in Norway ; in the Ilmen Mts. ; Urals ; at Litchfield, Me. ; in the Ozark 
Mts. , Arkansas. 

Named nej)heli?ie by Haiiy (1801), from a cloudy in allusion to its becoming cloudy when 

Immersed in strong acid ; elceolite (by Klaproth), from ca nnn\ oil , in allusion to its greasy lustre. 

Gieseckite is shown by Blum to be a pseudomorph after this species (see p. 330). 


Cancwnite.*— Hexagonal, and in six- and twelve-sided prisms, sometimes with basal edges 
replaced; also thin columnar and massive. II. =5-6. G. =2*42-2*5. Color white, gray, 
yellow, green, blue, reddish ; streak uncolored. Lustre sub vitreous, or a little pearly or 
greasy. Transparent to translucent. 

Comp. — Same as for nephelite, with some ItCO» and water. Analysis, Whitney, Litchfield, 
Me., SiO, 37*42, A10 3 27*70, CaO 3*91, Na,0 20*98, K.O 0*07, CO, 51)5. H.O 2 82, F©0 3 
(MnOs) 0*86=100*31. 

Pyr., ETC. — In the closed tube gives water. B.B. loses color, and fuses (F.=2) with intu- 
mescence to a white blebby glass, the very easy fusibility distinguishing it readily from 
nephelite. Effervesces with hydrochloric acid, and forms a jelly on heating, but not before. 

Obs. — Found at Miask in the Urals; at Barkevig, Norway; at Ditro in Transylvania 
( ditroytc ) ; at Litchfield, Me. 


SODALITE. 

Isometric. In dodecahedrons. Cleavage : dodecahedral, more or less 
distinct. Twins: see f. 272, p. ( J3. Also massive. 

H.=5*5-6. G. = 2 *136-2*401. Lustre vitreous, sometimes inclining to 
greasy. Color gray, greenish, yellowish, white; sometimes blue, lavender- 
blue, light red. SSubtransparent — translucent. Streak uncolored. Frac- 
ture conchoidal — uneven. 

Comp. — 3NaaAlSi,08+2NaCl= Silica 37 *1, alumina 81 *71, soda 25 *55, chlorine 7 *31 =101 '65. 
Home varieties contain considerably less chlorine. 

Fyr., etc. — In the closed tube the blue varieties become white and opaque. B.B. fuses 
with intumescence, at 3*5-4, to a colorless gloss. Decomposed by hydrochloric acid, with 
separation of gelatinous silica. 

Obs. — Occurs in mica slate, granite, syenite, trap, basalt, and volcanic rocks, and is often 
associated with nephelite (or elasolite) and eudialyte. Found in West Greenland ; on Monte 
Somma; in Sicily; at Miask, in the Ural; near Bre>lg, Norway. A blue variety occurs 
at Litchfield, Me., and at Salem, Mass. 

MiCRosoMBcrTB. — Occurs in very minute hexagonal crystals in masses of leucitio lava 
ejected from Mt. Somma. Composition : a unisilioate of potassium, calcium, and aluminum, 
with small quantities of sodium chloride and calcium sulphate. 
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HA&TNXTB. 

Isometric. In dodecahedrons, octahedrons, etc. Cleavage : dodecahe- 
dral distinct. Commonly in rounded grains often looking like crystals 
with a fused surface. 

H.= 5*5-6. G.==2*4-2*5. Lustre vitreous, to somewhat greasy. Coloi 
bright blue, sky-blue, greenish- blue ; asparagus-green. Streak slightly 
bluish to colorless. Sub transparent to translucent. Fracture flat conchoj- 
dal to uneven. 

Oomp. — 2 Naa( 0 a)AlSia 0 «-fCaS 04 ; if in the silicate Na 2 is replaced by Ca, the atomio 
ratio here being 5 : 1, this gives Silica 3413, alumina 2918, lime 10*62, Boda 14*09, sulphur 
trioxide — 100. A little potassium is also often present. 

Pyr., etc. — In the closed tube retains its color. B. B. in the forceps fuses at 4*5 to a white 
glass. Fused with soda on charcoal affords a sulphide, which blackens silver. Decomposed 
by hydrochloric acid with separation of gelatinous Bilica. 

Oba. — Occurs in the Vesuvian lavas, on Somma; in the lavas of the Campagna, Rome; in 
basalt at Niedermendig and Mayen, L. Laach, etc. 

Nosite (Nosean). — A #<Hfo-hatiynite ; 2NaaAlSi a 0 8 + Na 2 S 04 , with also a little calcium. 
Isometric ; often granular massive. Common as a microscopic ingredient of most phonolytes. 
Lake Laach, etc. 

Lapis-lazuli (Lasurstein, Germ .). — Not a homogeneous mineral according to Fischer and 
Vogelsang. The latter calls it 44 a mixture of granular calcite, ekebergite, and an isometric, 
ultramarine mineral, generally blue or violet.” Much used as an ornamental stone. 


LEUOITE.* 


Tetragonal, 


according 


570 



to v. Eath. c = 0-52637. Usual form as in 
f. 570, closely resembling a trapezohedron. Twins : 
twinning-plane 2-i ; crystals often very complex, con- 
sisting of twinned lamellae, as indicated by the stria- 
tions on the planes. Often disseminated in grains ; 
rarely massive granular. 

H.=5*5-6. &.= 2*44-2*56. Lustre vitreous. Color 
white, ash-gray or smoke-gray. Streak uncolored. 
Translucent — opaque. Fracture conclioidal. Brittle. 
Optically uniaxial ; double refraction weak, negative 
(from Aquacetosa), positive (from Frascati). 


Oomp. — Formula KjAlSi 40 12 =Silica 55*0, alumina 23*5, potash 
21 '5=100. Q. ratio f or K : A1 : Si=l : 3 : 8, for bases to silicon 1:2. 

Pyr., etc. — B.B. infusible ; with cobalt solution gives a blue color (alumina). Decomposed 
by hydrochloric acid without gelatinization. 

Diff. — Distinguished from analcite by its infusibility and greater hardness. 

Obs. — Leuoite is confined to volcanic rocks, and is common in those of certain parts of 
Europe ; also found in those of the western United States. At Vesuvius aud some other 
parts of Italy it is tl ickly disseminated through the lava in grains. It is a constituent in the 
nephelin-doleryte of Merchos in the Vogelsberg ; abundant in trachyte between Lake Laach 
and Andernach, on the Rhine. 

The question as to whether the crystals of leuoite belong to the isometric or the tetragonal 
system has excited much discussion. Hirschwald (Tsch. Min Mitth., 1875, 227) shows that 
while implanted crystals arc sometimes distinctly tetragonal , others, especially those which 
are imbedded, are as clearly isometric , while between the two there exist many transition 
oases. He claims that the mineral is in fact isometric , bnt having a polysymmetric develop- 
ment, there existing a wide variation from the isometric type. The question cannot be ooo 
sidered as entirely decided. 



OXYGEN COMPOUNDS. — ANHYDROUS SILICATES. 


319 


Feldspar Group* 


The feldspars are characterized by specific gravity below 2*S5 ; hardness 
6 to 7, fusibility 3 to 5 ; oblique or clinohedral crystallization ; prismatic 
angle near 120° ; two easy cleavages, one basal, the other brachy diagonal, 
inclined together either 90°, or very near 90° ; cleavage a prominent fea- 
ture of many massive kinds, and distinct in the grains of granular varieties, 
giving them angular forms; close isomorphism, and a general resemblance 
in the systems of occurring crystalline forms ; transition from granular 
varieties to compact, hornstone-like kinds, called felsites, which sometimes 
occur as rocks ; often opalescent, or having a play of colors as seen in a 
direction a little oblique to i-i ; often aventurine, from the dissemination 
of microscopic crystals of foreign substances parallel for the most part to 
the planes O and I. 

The bases in the protoxide state are calcium, sodium, potassium, and in 
one species barium; the sesquioxide base is only aluminum; the quantivalent 
ratio of K : ft is constant, 1:3; while that of the silicon and bases varies 
from 1 : 1 to 3 : 1, the amount of silicon increasing with the increase of tho 
alkali metals, and becoming greatest when alkalies are the only protoxides. 

The included species are as follows : 


Anorthite 

Labradorite 

Hyalopiiane 

Andesite 

Oliooclase 

Albitk 

Ortiioclase 


Lime feldspar 
Lime-soda feldspar 
Baryta-potash feldspar 
Soda-lime feldspar 

u n u 


Crystallization. 

Triclinic 

u 

Monoolinic 

Triclinic 


Soda feldspar 44 

Potash feldspar Monoclinic 


Approx. Q. ratio R,R,Si. 
1 4 

1 0 

I 8 

1 8 

1 9 

1 12 

1 12 


To the above list should be added, according to DesCloizeaux, the triclinic , potash feldspar, 
MICIIOCLINE, which has the composition of orthoclase. 

The above ratios are only approximate, for the analyses show a wide variation in the 
amount of silicon, and an exactly proportionate variation in the amount of a'kali ; the two 
elements vary in most cases, as has been long recognized, according to a simple law. There 
seems hence to be a gradual tmnsition between the successive species ; but this is due, in part, 
to mixtures produced by contemporaneous crystallization (compare pert/iite, p 3?G, and the 
description of microcline , p. 326). 

The unisilicate ratio of 1 : 1 lor bases and silicon is found in anorthite only, as shown above. 
With Ca alone, as in this species, the Q. ratio for A1 and Si is 3 : 4 ; with Na a alone, 3 : 12; 
and for kinds containing combinations of the two, exact combinations of these ratios, mNas : 

nCa, giving the ratio 3 : — 

An explanation of the above fact, and of the variation in ratio shown by analyses, was offered 
by Hunt, and has since been developed by Tschermak. The existence of two distinct triclinia 
feldspars is assumed: anorthite CaAlSi a 0 8 , and albite Na a AlSi B Oio, and the other species 
(sometimes embraced under the general term plagioclase) are regarded as due to isomer - 
phoiut mixtures of these two members in different proportions. They have then the general 

formula j AISi O*«j‘ Forlabradc.dte the ratio of m : n is mostly 8 : 2, also 3 : 1, etc.; 

for andesite the ratio o f min varies about 1 : 2, and for oligoclase the ratio of m : n is 3 : 10, 
also 1 : 3, etc. In accordance with the above formula, if Ca : Na=6 : 1, then A1 : Si= 
1 : 2*308; for Ca : Na=3 : 1, A1 : Si=l : 1*257; for Ca : Na=l : 1, A1 : Si=l : 3*33 ; fox 
Ca : Na=l : 3, A1 : Si=l : 4*4 ; for Ca : Na=i : 6, Al : Si=l : 5. 

This method of viewing the feldspar species has the advantage of explaining the wide varia- 
tion in their composition, and is generally accepted among German mineralogists. DesCloi- 
seaux regards his observations upon the optical characters of the feldspars (see p. 298) as 
showing that they are in fact distinct species, and not indeterminate iaomorphous mixtures 
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Optical properties of the tridinic fddspars . — The following table contains the more import* 
ant optical properties of the feldspar species as determined by DesCloizeaux (C. R., Feb. 8, 
1875, and April 17, 1876). Bx= Bisectrix. 



Anorthite. 

Labradorite. 

OtflOOCLASE. 

Albite. 

Microcline. 

Acute bisectrix. ....... 

always — 
Position of 

always + 

generally — 
sometimes 4- 

always -h 

always — 


Angle made by the+Bx. 

the Bx. has 





with a normal to i-i (g) 

no simple 

80° 40' 

© 

tH 

o 

QO 

15° 

15° 26' 

Same, with normal to 

relation to 





0(p) 

the planes 
observed 

56° 

G8 C 

78° 35' 


Angle made by the line 


in which the plane of 

on the crys- 


Line parallel 



the optic-axes cuts i-i. 

tals. 


to the edge 



with edge i-i/0(g'/p). 
Same, with edge i-i I 


0 

8 

0 1 

0\i-i. 

20° 

5° 6' 

(f m) 


37°25'-80' 25' 

<t u 

96° 28' (front), 
p < ?:(+ Bx.) 


Ordinary dispersion. . . . 

P < ®(— Bx.) 
Inclined. 

p > fl(-f-Bx. ) 

p < fl(-bBx.) 

p < «(+Bx.) 

Parallel or perpendicular 

Crossed ; also 

Crossed; also 

Indined ; 

Horizontal 

to plane of polariza- 


slight in- 

slight in* 

probably also 

( — Bx.) also 

tion. 


clined. 

dined. 

slight hori- 

indined 





zontal. 

(+Bx.) 

Optic-axial angle (in air) 





for red rays. 

84° 58' 

88° 15' 

89° 35' 

80° 39' 

87° 54' 

for blue rays 

85° 59' 

87° 48' 

88 c 31' 

81° 59' 


(Somma) 

(Labrador) 

(Sunstone, 

(Roc tourne; 

Amazonst’ne, 


Tvedestrand) 


Mursmsk. 


The axial divergence is quite constant for albite, labradorite, and anorthite, but varies for 
oligoclase even in different sections taken from the same specimen. Andesine (q. v.) is 
regarded by DesCloizeaux as an altered oligoclaRe. 

DesCloizeaux gives the following method of distinguishing between the feldspars by optical 
means : It is necessary to obtain a transparent plate parallel to the easiest cleavage ( 0). 
Such sections obtained from crystals or lamellar masses of albite, oligoclase, labradorite, and 
the majority of those of microcline, show hemi tropic bands, more or less close together, 
arranged along the plane parallel to the second cleavage ( i-i ) ; for orthoclase and microline 
in simple crystals , two sections placed in opposite positions serve to produce the same effect. 
These sections are thus brought between the crossed Nicols of a polarization-microscope. 

(1) For orthoclase the maximum extinction takes place when the two sections are parallel 
to their plane of contact; the edge O/i-l being in the plane of polarization of the micro- 
scope. 

(2) For microdine , the whole structure consists of a multitude of very fine parallel bonds; 
the section may show microcline alone, either hemitropic or not hemitropio, or microcline and 
orthoclase ; the extinction can take place at 30° 54' between the adjoining bands of the same 
plate of the made (microcline alone), at 3t)° 54' between the two plates of the made (micro- 
cline in bands), or at 15* 27' between the adjoining bands (microcline and orthoclase). In the 
last case the whole of two lamellae of the made show at the same time an extinction oblique 
to the plane of composition, belonging to the microcline, and one parallel to this plane for the 
orthoclase. 

(8) For albite, the extinction between two bands takes place at an angle of 6° 32'. 

(4) For oligoclase , the extinction is simultaneous in the two bands, and when the plane of 
composition coincides with the plane of polarization of the polariscope, it shows that the 
structure is homogeneous. 

(5) For labradorite, the extinction takes place at 10° 24' between the alternate lines of the 
hemitropic lamella*. 

It follows from this theft a plane normal to the plane of the axes cuts the base along a line 
making with the edge O/t-l the following angles : 

0° in orthoclase, 

15° 27' in microcline, 

8* 1G' in albite, 

5* 12' in labradorite. 

A variation of one or two degrees from the above mean angles was observed in some 
spooimens. See further on p. 426. 
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2>if£ — The feldspars are distinguished from other species by the charaotera already state a. 
prominent among which are : cleavage in two directions, nearly or quite at right angles ti 
each other ; also hardness, etc. 

The triclinic feldspars can in most cases be distinguished from orthoclase by the fine stria- 
tion due to repeated twinning. This striation can often be seen by the unaided eye upon the 
cleavage face (0). And its existence can always be surely tested by the examination of a thin 
section in polarized light, the alternate bands of color showing the same fact. 

The separation of the different triclinio species can be surely made by complete analysis 
only, or at least by the determination of the amount of alkali present. The degree of fusi- 
bility, the color of the flame, and the effect produced by digestion in acids, are often import- 
ant aids. In the hands of a skilled observer the optical examination may give decisive result®. 


ANORTHITE. Indianite. 

Triclinic. c\l\d- 0-86663 : 1-5754S : 1. IM' 
(over 2-i)=94° 10', 6>A/' = 114° 6*', 6>A/= 110° 
40', O A 2- i = 98° 46' ; a — 93° 13*', & = 115° 55*', 
y = 91° 11-J-' Cleavage : O , i-l perfect, the latter 
least so. Twins similar to those of albite. Also mas- 
sive. Structure granular, or coarse lamellar. 

IL=6-7. G.=2 , 60-2*78. Lustre of cleavage 

planes inclining to pearly ; of other faces vitreous. 
Color white, grayish, reddish. Streak uticolored. 
Transparent — translucent. Fracture conchoidal. 
Brittle. 


Var . — Anorthite was described from the glassy crystals of Som 
ma. Indianite is a white, grayish, or reddish granular anorthite from India, first described 
in 1802 by Count Boumon. 

Oomp. — Q. ratio for R : A1 : Si=l : 3 : 4. Formula CaAlSij0 8 = Silica 43*1, alumina 30*8, 
lime 20*1=100. The alkalies are sometimes present in very small amounts. 

Pyr., etc. — B.B. fuses at 5 to a colorless glass. Decomposed by hydrochloric acid, with 
separation of gelatinous silica. 

Obs. — Occurs in some granites; occasionally in connection with gabbro and serpentine 
rocks ; in some cases along with corundum ; in many volcanic rocks. Found in the old lavas 
in the ravines of Monte Somma ; Pesmeda-Alp, Tyrol; in the Faroe islands; in Iceland; 
near Bogoslovsk in the Ural, etc. 

Bytown ite has been shown by Zirkel to be a mixture. By town, Canada. 


= 120° 31', OM-l, 
571 



LABRADORITE. 

Triclinic. IaI - 121° 37', OaU = 93° 20', O A /= 110° 50', OaT 
= 113° 31'; Marignac. Twins: similar to those of albite. Cleavage: O 
easy ; i-l less so ; / traces. Good crystals rare ; generally massive granular, 
ana in grains cleavable; sometimes cryptocrystalline or nornstone-like. 

H.—6. G.=2'67~2 # 76. Lustre of O pearly, passing into vitreous; 

elsewhere vitreous or subresinous. Color gray, brown, or greenish, some- 
times colorless and glassy ; rarely porcelain-white ; usually a change of 
colors in cleavable varieties. Streak uncolored. Translucent — subtrana- 
iucent. 

Comp., Var. — Q. ratio for R : A1 : Si=l : 3 : 0, but varying somewhat (see p. 819). 
Formula RArlSi 8 Oi 0 ; here R=Ca and Na,. The atomic ratio for Na : Ca=2 : 8 generally, 
this corresponds to Silica 52*9, alumina 30‘3, lime 12*8, soda 4*5=100. 

Var. 1. Cieavabis . (a) Well crystallized to (b) massive. Play of oolcra either wanting, as 
21 
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in some colorless crystals : or pale ; or deep ; blue and green are the predominant colors ; bat 
yellow, fire-red, and pearl-gray also occur. By cutting very thin slices, parallel to t-f, from 
the original labradorite, they are seen under the microscope to contain, besides striae, great 
numbers of minute scales, like the aventurine oligoclase, which are probably gothite or hema- 
tite. These scales produce an aventurine effect which is quite independent of the play of 
oolors which arises from the interference of the rays of light reflected by innumerable inter- 
nal lamellae (Iteuxch). The various forms of minerals ( microplakites , microphyttites, etc. ) en- 
closed in the labradorite, and their relation to it in position, have been thoroughly investigated 
by Schrauf (Ber. Ak., Wien, Dec., 1869). 

Pyr, etc. — B.B. fuses at 8 to a colorless glass. Decomposed with difficulty by hydrochloric 
acid generally leaving a portion of undecomposed mineral. 

Obs.— Labradorite is a constituent of some rocks, both metamorphic and igneous; e.g., 
diabase, doleryte, basalt, etc. The labradoritic metamorphic rocks are most common among 
the formations of the Archaean or pre-Silurian era. Such are part of those of British America, 
northern New York, Pennsylvania, Arkansas; those of Greenland, Norway, Finland, Sweden, 
and probably of the Vosges. Being a feldspar containing comparatively little silica, it occurs 
mainly in rocks which include little or no quartz (free silica). 

Kiew has furnished fine specimens ; also Labrador. It is met with in many places in 
Canada East. Occurs at Essex Co., N. Y. ; also in St. Lawrence, Warren, Scoharie, and 
Green Cos. In Pennsylvania, at Mineral Hill, Chester Co. ; in the Witchita Mts., Arkansas, 
etc. 

Labradorite was first brought from the Isle of Paul, on the coast of Labrador, by Mr. Wolfe, 
a Moravian missionary, about the year 1770, and was called by the early mineralogists Labra- 
dor Btone {Labrador Mn), and also chatoyant, opaline, or Labrador feldspar. Labradorite 
receives a fine polish, and owing to the chatoyant reflections, the specimens are often highly 
beautiful. It is sometimes used in jewelry. 

Maskelynite. — Occurs in transparent, isometric, grains in the meteorite of Shergotty. 
Same composition as labradorite. 


ANDESITE. Andesine. 

Triclinic. Approximate angles from Esterel crystals (DesCl.) : O A t’-t, 
left, 87°-88°, O A / = 111°-112°, O A /' = 115°, lAi-i = 119°-120°, /'A U 
=120°, O A = 101°-102°. Twins: resembling those of albite. Sel- 
dom in crystals. Cleavage more uneven than in albite. Also granular 
massive. 

lI.=5-6. G.=2*61-2*74. Color white, gray, greenish, yellowish, flesh- 
red. Lustre subvitreous, inclining to pearly. 

Oomp. — Q. ratio 1:3:8, but varying to 1 : 3 : 7. General formula RAlSi 4 0i 9 ; R=Na a and 
Ca in the ratio 1 : 1 to 3 : 1 ; if the ratio is 1 : 1 , the formula corresponds to Silica 59 *8, alu- 
mina 25 *5, lime 7*0, soda 7*7=100. 

Pyr., etc. — Andesite fuses in thin splinters before the blowpipe. Saccharite melts only on 
thin edges ; with borax forms a clear glass. Imperfectly soluble in acids. 

Obs. — Occurs in many rocks, especially some trachytes. The original locality was in the 
Andes, at Marmato; also in the porphyry of TEPterel, France ; in the Vosges Mts. ; at Vap- 
nefiord, Iceland, in honey-yellow transparent crystals, etc. In North America, found at 
Chateau Richer, Canada, forming with hypersthene and ilmenite a wide-spread rock ; color 
flesh-red. 

Andesite is regarded by DesCloizeaux as an altered oligoclase, but many careful analyses 
point to a feldspar having the composition given above. 


HYALOPHANE. 

Monoclinic, like orthoclase, and angles nearly the same. C = 64° 16', 
Ca I = 118° 41', O A 1-i = 130° 55£'. Cleavage : O perfect, iA somewhat 
less so. In small crystals, single, or in groups of two or three. 
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H.=::6-G*5. G.=2*80, transparent; 2*905, translucent. Lustre vitreous 
or like that of adularia. Color white, or colorless ; also flesh-red. Trans- 
parent to translucent 

Oomp. — Q. ratio for R : R : Si=l : 8 : 8. Formula (Ba,K 3 )A:lSi 4 0n. Analysis of hyolo- 
phane from the Binnenthal by StockarEscher, SiO a 52*67, A10 3 21*12, MgO 0 04, CaO 0*40, 
BaO 15 *05, Na 3 0 2*14, K a O 7*82, H a O 0*58 = 90*88. 

Fyr., etc. — B.B. fuses with difficulty to a blebby glass. Unacted upon by acids. 

Obs. — Occurs in a granular dolomite near Iinfeld, in the Binnenthal, Switzerland ; also ut 
Jakobsberg in Sweden. 


OLIGOOLASE. 

Triclinic. /A /' = 120° 42', O A i-l, ov. 2-1' = 93° 50', O A / = 110° 55', 
O A T = 114° 40'. Cleavage : O , i-l perfect, the 
*atter least so. Twins: similar to those of albite. 572 

Also massive. 

II. = 6—7. G.=2*56-2'72 ; mostly 2*65-2*09. 

Lustre vitreo-pearly or waxy, to vitreous. Color 
usually whitish, with a faint tinge of grayish- 
green, grayish- white, recklish-white, greenish, 
reddish ; sometimes aventurine. Transparent, 
subtranslucent. Fracture eouchoidal to uneven. 

Comp., Var.— Q. ratio for R : A1 : Si=l : 3 : 9, though 
with some variations (see p. 297). Formula RAlSi»O l4 . with 
R=Na 3 (K 3 ),Ca The rat’O of 3 : 1 for Na : Ca corresponds in 
this formula to Silica 01*9, alumina 24*1, lime 5*2, soda 8*8=100. 

Var. 1. C loanable ; in crystals or massive. 2. Compact massive ; oligoclase.-f elsite ; include? 
part, at least, of the so-called compact feldspar or fdsite, consisting of the feldspar in a com- 
pact, either fine granular or Hint-like state. 3. Arcnturinc oligoclase , or 8 unstone. Color 
grayish-white to reddiah-grny, usually the latter, with internal yellowish or reddish fire like 
reflections proceeding from disseminated crystals of probably either hematite or gothite. 4. 
Moonstone ;>t. A whitish opalescence. 

Pyr., etc. — B.B. fuses at 3*5 to a clear or enamel-like glass. Not materially acted upon by 
acids. 

Obs.— Occurs in porphyry, granite, syenite, serpentine, and also in different eruptive rocks. 
It is sometimes associated with orthoclase in granite, or other graniti-like rocks. Among its 
localities are Pargas in Finland ; Schuitansk, Ural ; in protogine of the Mer-de-Glace, in the 
Alps ; in fine crystals at Mt. Somma ; as sumtone at Tvedestrand, Norway ; in Iceland, 
colorless, at Hafnefjord ( hafnefiordite ). In the United States, at Unionville, Pa. ; also at 
Haddam, Ct. ; Mineral Hill, Delaware Co., Pa. ; at the emery mine, Chester, Mass. 

Named in 182(5 by Breithaupt from bsiync, little, and tikiu, to cleave. 

Tschermakite (v. Kobell). — Supposed to be a magnesia- feldspar, but the conclusion 
was probably based on the analysis of impure material. Later investigations (Hawes, Pisani) 
make it an oligoclase. Occurs with kjerulfine from Bamle, Norway. 


ALBITE.* 

Triclinic. I A T = 120° 47', O A i-l = 93° 36', O A 1' = 114° 42', O A l 
= 110° 50', O A 2-i' = 136° 50', O A 24 = 133° 14'. Cleavage: O, i-l 
perfect, the first most so; l-l sometimes distinct. Twins: twinning-plane 
i-t, axis of revolution normal to i-l, this is the most common method, and 
' its repetition gives rise to the fine striations (p. 91) upon the plane O, which 
are so characteristic of the triclinic feldspars ; twinning-plane, 2-i (f. 578) 
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analogous to the Baveno twins of orthoclase ; also twinning-axie, the vertical 
axis (t. 575) ; twinning-axis, the macrodiagonal axis* (J), the pericline trains. 
Double twins not uncommon. True simple crystals very rare. Also mas- 
sive, either lamellar or granular ; the laminae sometimes divergent ; granulai 
varieties occasionally quite fine to impalpable. 



Pericline. 


578 



579 



Middletown, Ct. 


H.=6-7. G.=2*59-2-65. Lustre pearly upon a cleavage face ; vitreous 

in other directions. Color white, also occasionally bluish, gray, reddish, 
greenish, and green ; sometimes having a bluish opalescence or play of colors 
on O. Streak uncolored. Transparent— subtranslucent. Fracture uneven. 
Brittle. 

Comp., Var. — Q. ratio Na : A1 : Si=l : 3 : 12. Formula Na 2 AlSi B Oi<j= Silica 68*0, alumina 
19*6, soda 11*8=100. A smaU part of the sodium is replaced usually, if not always, by 
potassium, and also by calcium (here Na a by Ca). But these differences are not externally 
apparent. 

Var. 1. Ordinary, (a) In crystals or cleavable massive. The angles vary somewhat, 
especially for plane T. (b) Aventurine ; similar to aventurine oligoclase and orthoclase. (c) 
Moonstone ; similar to moonstone under oligoclase and orthoclase. PerUtcriU is a whitish 
adularia-like albite, slightly iridescent, having G. =2*626 ; named from nepurrepd, fjigeon , the 
colors resembling somewhat those of the neck of a pigeon, (cf) Pericline is in large, opaque, 
white crystals, short and broad, of the forms in f. 577 (f. 834, p. 101) ; from the chlorite schists 
of the Alps. LameUar ; deavdandite , a white kind found at Chesterfield, Mass. 

etc. — B.B. fuses at 4 to a colorless or white glass, imparting an intense yellow to the 
flame. Not acted upon by acids. 

Obs. — Albite is a constituent of several rocks, as dioryte, etc. It occurs with orthoclase in 
some granite. . It m common also in gneiss, and sometimes in the crystalline schists. Veins 
of albitic granite are often repositories of the rarer granite minerals and of fine crystalliza- 
tions of gems, including beryl, tourmaline, allanite, columbite, etc. It occurs also in some 
^jfuihyte, in phonolyte, in granular limestone in disseminated crystals, as near Modane in 
Savoy. Some localities for crystals are : Schneebeig in Passeir, in simple crystals ; Col du 
Bonhomme ; St. Gothard, and elsewhere in the Alps ; Penig, etc. , Saxony ; Arendal ; Green- 
land ; Island of Elba. 

In the TT. S. , in Maine , at Paris. In Mom. , at Chesterfield ; at Goshen. In Conn . , at 
Haddam ; at Middletown. In N. York, at Granville, Washington Co. ; at Moriah, Essex Co. 
(n Penn., at Unionville, Delaware Co. 

The name Albite is derived from albus, white, in allusion to its color, and was given the 
species by Gahn and Berzelius in 1814. 


* Vom Rath has recently shown this to he the true method of twinning in this case, and 
bonce that the explanation of Rose (given on p. 101) is inoorreot. 
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ORTHOCLASE. 

Monoclinic. C = 63° 53% I A 7= 118° 48', 0 A 14 = 153° 2S% c : ft : d 
= 0*844 : 1-5183 : 1. 0 A 1-i = 129° 41', 0 A 2-i = 99° 38', O A 3 = 98° 

4'. Cleavage : 0 perfect; i-l less distinct; i-i faint; also imperfect in the 
direction of one of the faces I. Twins: twinning-plane, i-i {Carlsbad 
twins) f. 582, but the clinopinacoid (i-i) the composition-face (see p. 98) ; 
twinning-plane the base (O) f. 583 ; also the elinoaome, 2-i {Baveno twins), 
as in f. 588, in which the prism is made up of two adjoining planes O and 
two i-i, and is nearly square, because 0 A i-i = 90°, and O A 2-i == 135° 3' ; 
I A I = 169° 28' ; also the same in a twin of 4 crystals, f. 587, each side of 
the prism then an O (see also p. 99). Often massive, granular; sometimes 
lamellar. Also compact crypto-crystalline, and sometimes flint-like or 
jasper-like. 

680 681 682 583 588 589 


LoxoolaBe. 

II. =6-6*5. G.=2*44-2*62, mostly 2'5-2‘6. Lustre vitreous; on cleav- 
age-surface sometimes pearly. Color white, gray, flesh-red, common; 

f 'reenish-white, bright-green. Streak uncolored. Transparent to t.rans- 
ucent. Fracture conchoidal to uneven. Optic-axial plane sometimes in 
the orthodiagonal section and sometimes in the clinodiagonal ; acute bisec- 
trix always negative, normal to the orthodiagonal. 

Oomp., Var. — Q. ratio for K : AI : Si=l : 3 : 12. Formula K a AlSi 6 0, # = Silica 64*7, alu- 
mina 18*4, potash 10*9=100; with sodium sometimes replacing part of the potassium. The 
orthoclase of Carlsbad contains rubidium. The varieties depend mainly on structure, varia- 
tions in angles, the presence of soda, and the presence of impurities. 

The amount of sodium detected by analyses varies greatly, the variety sanidin (see below) 
sometimes containing 6 per cent. The variations in angles are large, and they occur some- 
times even in specimens of the same locality. The crystallization is normally monoclinio, 
and the variations are simply irregularities. There are also large optical variations in ortho- 
clase, on which see DesCL Min., i., 329. 

Var. 1. Ordinary. In crystals, or cleavable massive. Advlaria (adular). Transpnrent, 
cleavable, usually with pearly opalescent reflections, and sometimes with a play of colors like 
iabradorite, though paler in shade. Moonstone belongs in part here, the rest being albite and 
oligoclase. Sunstone, or aventurine feldspar : In part orthoclase, rest albite or oligoclaae 
(q. v.). A mazonstone; Bright verdigris -green, and cleavable, mostly mixtures of orthoclase 
and microcline (Dx.). Koenig concludes that the coloring matter of the Pike’s Peak amazon- 
stone is an organic compound of iron, which has been infirrated into the mass. 

BanuUn of Nose, or glassy feldspar (including much of the Ice- spar, port of which is anov- 
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thlte). Occurs in transparent glassy crystals, mostly tabular (whence the name from ffowf, a 
board), in lava, pumice, trachyte, phonolite, etc. Proportion of soda to potash varies from 
1 : 20 to 2 : 1. lihyaooUte is the same ; the name was applied to glassy crystals from Mt. 
Homma (Eisspath, Wern.). 

GhesterUte. In white crystals, smooth, but feebly lustrous, implanted on dolomite in Chea- 
ter Co. , Penn., and having wide variations in its angles. It contains but little soda. Accord- 
ing to DesOloizeaux the chesterlite consists of a union of parallel bands of orthoclase and a 
triclinic feldspar of the same composition, which he calls microcline (see below). 

Loxodase. In grayish-white or yellowish crystals, a little pearly or greasy in lustre, often 
large, feebly shining, lengthened usually in the direction of the clinodiagonal. 0 A 7=112° 
80', 0a/'=112° 50', /aI'=120 3 20', Oai- 1 (cleavage angle)=90°, Breith. G.=2*6-2*62, 
Plattner. The analyses find much more soda than potash, the ratio being about 3:1, but 
how far this is due to mixture with albite has not been ascertained. From Hammond, St. 
Lawrence Co., N. Y. Named from transverse, and Kkaw, I cleave , under the idea that 

the crystals are peculiar in having cleavage parallel to the orthodiagonal section. Perthite . 
A flesh-red aventurine feldspar, consisting of interlaminated albite and orthoclase, as shown 
by Breithaupt. From Perth, Canada East. 

Compact Ortiioclask or Ortiioclase-felsite. — This crypto-crystalline variety is com- 
mon and occurs of various colors, from white and brown to deep red. There are two kinds 
(a) the jasper -like, with a subvitreous lustre ; and [b) the ceratmd or wax-like, with a waxy 
lustre. Some red kinds look closely like red jasper, but are easily distinguished by the fusi- 
bility. The orthoclase differs from the albite felsite in containing much more potash than 
soda. The Swedish name HdUeflinta meows false flint. 

Pyr., etc. — B.B. fuses at 5 ; varieties containing much soda are more fusible. Loxoclase 
fuses at 4. Not acted upon by acids. 

Obs. — Orthoclase is an essential constituent of many rocks ; here are included granite, 
gneiss, and mica schist; also syenite, trachyte, phonolyte, etc., etc. 

Fine crystals are found at Carlsbad in Bohemia; Katherinenburg, Siberia ; Arendal, Nor- 
way ; Baveno in Piedmont; in Cornwall ; in the Urals ; the Mourne mountains, Ireland, etc.; 
in the trachyte of the Drachenfels on the Rhine. In the U. States, orthoclase is found in 
N. Hamp., at Acworth. In Conn., at Haddam and Middletown. In N. York, at Rossie ; 
in the town of Hammond; in Lewis Co.; near Natural Bridge ; in Warwick; and at Amity 
and Edenville. In Penn., in crystals at Leiperville, Delaware Co., etc. In JY. Car., at 
Washington Mine, Davidson Co.; beautiful Amazonstone at Pike’s Peak, Col. Massive ortho- 
clase is abundant at many localities. 

Microcline.* A triclinic potash feldspar. — The name microcline was originally given by 
Breithaupt to a whitish or reddish feldspar from the zircon -syenite of Fredericksvam and 
Brevig, Norway, on the ground that it was triclinic. It was shown by DesCloizeaux that this 
feldspar was merely a variety of orthoclase remarkable for its large amount of soda. Recently 
the latter author has proposed to retain this name for a feldspar found in the midst of gran- 
ites, pegmatite, and gneiss, which is shown both by the angle between its cleavage planes, 
and also by its optical properties, to be really tricliuic. 

Form generally like that of orthoclase. Cleavage basal and clinodiagonal, and also easy 
parallel to both prismatic faces (I and 1 ') ; for the optical properties see p. 298. Often asso- 
ciated with orthoclase in regular parallel bands, especially in the amazonstone ; albite is also 
sometimes present, though irregularly. Analysis of a “pure microcline ’* from Magnet Cove 
by Pisani. G. =2 54. 

Si0 2 AlOa FeOj KoO Na a O ign. 

64*80 19*70 0*74 15*60 0*48 0*35=101*17 

The association of orthoclase and microcline was observed in specimens from the Ilmen 
Mts.; Urals ; Arendal ; Greenland ; Labrador; Leverett,Mass.; Delaware, Chester Co., Penn.; 
Pike’s Peak, Col. The purest microcline was that of a greenish color from Magnet Cove, 
Ark. ; it enclosed crystals of segirite, and was not mixed with orthoclase. 


Subsilicates. 

IFumite or Chondrodite Group , including three sub-species: 

L Humitej II. Chondrodite; III. Clinohnmite. 

The existence of three types of forms among the crystals of humite (Vesuvius) was early 
rihown by Scaoohi ; they have since then been further investigated by vom Rath (Pogg. Erg., 
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Bd. v., 821, 1871 ; ibid., vi., 885, 1873). The chemical identity of the species humite and 
chondrodite was shown by liammelsberg ; later Kokscharof proved that the crystals of chou- 
drodite from Pargas, Finland, were identical in form and angles with Scacchi’ s type II, of 
humite, and the same has also been shown of the Swedish crystals by vom Hath. In 1870 
the author described crystals of chondrodite from Brewster, N. Y. , belonging to each of the 
three types of humite ; he showed, moreover, then and later (Feb., 187(5), that contrary to 
what had been previously assumed, the crystals of both type II. and type III. were monoclinic , 
not orthorhombic. DesCloizeaux and Klein have since proved (Jahrb. Min., 187(5, No. (5) 
the monoclinic character of type III. of the Vesuvian humite, and the former that of the 
Swedish crystals (type II.) ; he, moreover, proved the orthorhombic character of the crystalu 
of type I., Vesuvius. In accordance with these facts DesCloizeaux has proposed that the three 
types be regarded as distinct species, with the names given above. 


I. HUMITE.* Including type L, Scacchi, Vesuvius. Also rare crystals from Brewster, N. Y« 
The latter large, coarse, and having suffered more or less alteration. 

Orthorhombic. Ilolohedral. i- 2 ( o 2 ) A i 2 = 130° 19'; O (a1) A 34 (?) =, 
102° 48' ; O A 1-i (?) = 124° 16'; O A 34 (?) = 103° 47' ; O A 14 (<;») = 126° 
21' ; O A 1-2 (?* 3 ) = 121° 44'. Twins : twinning-plane |4, also ij - i, in both 
cases the angle of the horizontal prism is nearly 120°. Optic-axial plane 
parallel to the base, acute bisectrix positive, normal to Dispersion 
almost zero. 2IIa = 78° 18' -79° for red rays. (DesOl.) 

590 591 592 




£L CHONDRODITE.* Including type II. of Scacchi, Vesuvius ; also crystals from Finland, 
Sweden, and with few exceptions those of Brewster, N. Y. 

Monoclinic. ANi = 122° 29' ; A A # = 109° 5' ; A A e 2 ' = 108° 58' ; 
A:n 2 =: 103° 12' ; A A n 2 ' = 103° 9' ; AAr l = 135° 20' ; A Ar* = 125* 
50 ' ; CA r* = 146° 24' ; C A n 2 = 135° 40' C A ri*' = 135° 41'. 

The letters (those employed by Scacchi) correspond to the following 
symbols •— 

A = O i = 14 # = — 24 n 2 = —2 r x = — $4 — 4‘& m2 “ — 6-J-. 

0 = ^1 24 ri z '= 2 r 2 = 44 

Twins: twinning plane f 4 (±?) and t-i (±?), (both having a prismatic 
angle nearly 120°) ; also the basal plane O (Brewster, N. Y., f. 593). 
Optic-axial plane makes an angle of 26° with the base; acute bisectrix 
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positive, normal to tlie clinopinacoid ( C ). 2Ha=88° 48' for red ray®, 
Brewster, N. Y. (E. S. D.). 2Ha=86° 14'-87° 20' (red rays), Sweden, (DesCl.) 

The above angles are those given by DesCloizeaux, the author's own measurements on the 
crystals from Brewster (not yet completed), point to a smaller variation from the rectangular 
type. DesCloizeaux makes the plane and r 4 =I, r 2 = 1, r*= —1. 



III. CLINOHUMITE. Including type III. of Scacchi, Vesuvius ; also rare finely polished 
red crystals from Brewster, N. Y. 

Monoclinic. Aa& — 133° 40' ; AA<?' — \ 33° 40' ; A A i 2 125° 13' ; 

A Km- 114° 55' ; A A m* == 92° 58' ; A A n = 132° 14' ; A A n 2 = 122° 

57' ; A A n K = 97° 23' ; A A n 4 ' = 97° 23' ; A A r* = 1 31° 23 ; A A r 4 = 1 25° 
47'; Cat* =132° 50' ; CAt a = 137° 25'. DesCloizeaux. 

These letters (those employed by Scacchi) correspond to the following 
symbols : — 

A — O i — £4 n — % n A = —4 ?* = — T B T -S r* = — 1-$ ?* 7 = — 1-5 

O = i-i £* = 1-i — £ n A '= 4 r 4 — -| -fc r 8 = 8-£ 

DesCloizeaux makes the plane d 4 ' = i-?, 7*® = /, and f* 4 = — 1, and ?* = 1. 
Twins >twinning-plane -£-7 ; also the basal plane (Brewster). Optic-axial 
plane makes an angle of 7£° with the base, Brewster (Dana) ; same angle 
for Vesuvian crystals equals 12° 28' (Klein), about 11° (DesCl.l Acute 
bisectrix positive, normal to clinopinacoid. 2IIa=84° 40-85° 15', yellow 
(Kl.).=84° 38'-85° 4' white crystals, and =86° 40'-87° 14' brown crystals 
(DesCl.). Sections of crystals often shows a complex twinned structure. 

In other physical and in chemical characters these three sub-species are 
hardly to be distinguished. 

H.=6-6*5. G.=3T18-3*24. Lustre vitreous — resinous. Color of 
crystals yellowish-white, citron-yellow, honey-yellow, hyacinth-red, brownish 
(Vesuvius); also deep garnet-red (Brewster). Color of the mineral occur- 
ring massive and in rounded imbedded grains (chondrodite at least in part) 
as of crystals, also sometimes olive-green, apple-green, gray, black. Streak 
white, or slightly yellowish, or grayish. Transparent — subtranslucent 
Fracture subconchoidal — uneven. 
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Oomp. — The chemical investigations of Rammelsberg and vom Rath have served to show 
a considerable variation in composition in the different varieties, but do not give decidedly 
different formulas to the three types of Scacchi, that is, the three minerals described above. 

In general Q. ratio for Mg : Si=4 : 8 (1$- : 1), and the formula then MgaSiaOu ; or, as pre* 
ferred by Rammelsberg, Mg : Si=5 : 4 (1± : 1), and the formula is then Mg&Si a Ou. In all 
oases part of the magnesium is replaced by iron, and part of the oxygen by fluorine (F a ), the 
amount varying from 2$ to 8fr p. c., but certainly not dependent (v. Rath and Ramm.) upon 
the three types. 

Analyses : — 

SiO» FeO MgO F 

I. Humite, Vesuvius, 85*63 5*12 54*45 2*48 CaO 0*23 A10 3 0*82=99*68, v. Rath. 

IL Chondrodite, Vesuvius, 33*26 2*30 57*92 5 04 CaO 0*74 A10 3 1*00=100*32, Ramm. 

II. Chondrodite, Brewster, 34*10 7*28 53*72 4*14 A10 3 0*48=99*72, Hawes. 

II. Chondrodite, Sweden, 33*96 6*83 53*51 4*24 A10 3 0*72=99*26, v. Rath. 

III. Clinohumite, Vesuvius, 86*82 5*48 51*92 2*40 A10 s 0 24=99*80, v. Rath. 

Chondrodite (?),N. Jersey, 33 *97 3*48 50*97 7 44 =101*08, Ramm. 

Fyr., etc. — B. B. infusible ; some varieties blacken and then bum white. Fused with salt 
of phosphorus in the open tube gives a reaction for fluorine. With the fluxes a reaction for 
iron. Gelatinizes with acids. Heated with sulphuric acid gives off silicon fluoride. 

Diff. — Distinguishing characters are : infusibility ; gelatinizing with acids ; fluorine reac- 
tion with sulphuric acid. 

Obs. — The localities of the crystallized minerals have already been mentioned. 

The granular chondrodite (?) occurs mostly in limestone, ft is found in Finland and 
in Sweden ; at Taberg in Wermland ; at Boden in Saxony ; on Loch Ness in Scotland ; at 
Achmatovsk in the Ural, etc. Abundant in the counties of Sussex, N. J., and Orange, N. Y., 
where it is associated with spinel. In N. Jersey , at Bryam ; at Sparta; at Vernon, Lockwood, 
and Franklin. In N. York , in Orange Co., in Warwick, Monroe, etc. ; near Edenville; at 
the Tilly Foster Iron Mine, Brewster, Putnam Co. In Mass., at Chelmsford. In Penn ., near 
Chadsford. In Canada , in limestone at St. Crosby ; St. Jerome ; St. Ad Ale ; Grenville, etc., 
abundant 


TOURMALINE.* Tunnalin, Germ. 

Rhombohedral. R A R = 103°, OaR = 134° 3' ; J = 0-89526. * A * =. 


686 597 598 599 600 



Gouvemeur, N.Y. St. Lawrenc© Co.. N.X, 


154° 59', i = 133° 8', i - 2 A ** = 155° 14', i - 2 A = 142° 26'. Usually 
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hemihedral, being often unlike at the opposite extremities, or hemiinorphic, 
and the prisms often triangular. Cleavage : It , — •£. and i- 2, difficult. 
Sometimes massive compact; also columnar, coarse or fine, parallel or 
divergent. 

II.=7-7*5. G.==2 , 94-3*3. Lustre vitreous. Color black, brownish- 
black, bluish-black, most common ; blue, green, red, and sometimes of rich 
shades; rarely white or colorless; some specimens red internally and green 
externally ; and others red at one extremity, and green, blue, or black at 
the other. Dichroic (p. 165). Streak uncolored. Transparent — opaque ; 
greater transparency across the prism than in the line of the axis. Frac- 
ture subconchoidal — uneven. Brittle. Pyroelectric (p. 169). 


Var.— -1. Ordinary. In crystals, {a) RubelHte ; the red sometimes transparent, (b) Indi- 
oolite ; the blue, either pale or bluish -black ; named from the indigo-blue color, (c) Brazilian 
Sapphire (in jewelry); Berlin-blue and transparent; {d) Brazilian Emerald , Chrysolite (or 
Peridot) of Brazil ; green and transparent, (e) Peridot of Ceylon ; honey-yellow. (f)Ach- 
roite ; colorless tourmaline, from Elba. ( g ) Aplirizite ; black tourmaline, from Krageroe, 
Norway, (Ii) Columnar and black ; coarse columnar. Resembles somewhat ho nblende, but 
nas a more resinous fracture, and is without distinct cleavage or anything like a fibrous 
appearance in the texture, f 

Comp. — Q. ratio of all varieties for R : Si =3 : 2 (Rammelsberg), consequently the general 

if i i ii 

formula is R s (R8,R)Si06. R may represent here H, K, Na, Li ; also R=Mg(Ca),Fe,Mn, and 
ft=Al,B a ; further than this the Si is often in part replaced by F a . Rammelsberg distin- 
guishes two groups, where the Q. ratio for B : A\ : Si=3 : 0 : 8, and (2) with the Q. ratio for 
S : A1 : Si=l : 3 : 8. In the first group fall most of the yellow, brown, and black varieties, 

n i 

the bivalent elements (Mg,Fe) predominating, the general formula being Rj(R„)R y Si 4 Oao. 
The second group includes the colorless, red, and slightly green kinds, the univalent elements 

i ii 

appearing most prominent, especially lithium. The general formula is R n (R.)RhSi» 04 B. 

Several distinct varieties are made under these groups, which will be sufficiently illustrated 
by the following analyses, by Rammelsberg. I. Gouverneur, brown-; G. =3 •0-19. II. Haddam, 
blade; G.=3*136. III. Goshen, bluish-black; G.=3 203. IV. Paris, Me., red; G. =3*019. 
V. Chesterfield, Mass., green; G. =3*009. 



SiO a 

B a O s 

A10 a 

FeO 

MnO 

MgO 

CaO 

Na a O 

K 2 0 

Li a O 

F 

I. 

88*85 

(8*35) 

31*82 

1*14 

— 

14 89 

1 00 

1*28 

0*26 

— 

— 

II. 

87*50 

(9*02) 

30*87 

8*54 

— 

8*00 

1*33 

1*00 

0*73 

— 

— 

III. 

80*22 

10*05 

83*35 

11*95 

1*25 

0*03 

— 

1*75 

0*40 

0*84 

0 82 

IV. 

88*19 

9*97 

42*08 

— 

1*94 

0*39 

0*45 

2*00 

0*08 

1*17 

1*18 

V. 

38*46 

9*73 

36*80 

6*38 

0*78 

1*88 

■ — 

2*47 

0*47 

0*72 

0*55 


H 2 0 

2*31=100*00 
1*81 = 100*00 
2*21 = 100*82 
2 00=100*20 
2*31 = 100*55 


Fyr, etc. — I. fuse rather easily to a white blebby glass or slag ; II. fuse with a strong heat 
to a blebby slag or enamel ; III. fuse with difficulty, or, in some, only on the edges; IV. fuse 
on the edges, and often with great difficulty, and some are infusible ; V. infusible, but becom- 
ing white or paler. With the fluxes many varieties give reactions for iron and manganese. 
Fused with a mixture of potassium bisulphate and fluorite gives a strong reaction for boracio 
acid. By heat alone tourmaline loses weight from the evolution of silicon fluoride and per- 
haps also boron fluoride ; and only after previous ignition is the mineral completely decom- 
posed by fluohydric acid. Not decomposed by acids (Ramm. ). After fusion perfectly decom- 
posed by sulphuric acid (v. Kobeil). 

Diff. — Distinguished by its form, occurring commonly in three-sided, or six-sided prisms ; 
absence of cleavage (unlike hornblende). It is less easily fusible than garnet or vesuvianite. 
B.B. (see above) gives a green flame (boron). 

Obs. — Tourmaline is usually found in granite, gneiss, syenite, mica, chloritic or talcose schist, 
dolomite, granular limestone, and sometimes in sandstone near dykes of igneous rocks. Tbs 
variety in granular limestone or dolomite is oommonly brown. 

Prominent localities are Katherinenburg in Siberia ; Elba ; Windisch Kappell in Carinthia ; 
Rozena ; Airolo, Switzerland ; St. Gothard. In Great Britain. Bovey Tracey in Devon j 
Cornwall, at different localities ; Aberdeen in Scotland, etc. 

In the U. States, in Maine, at Paris and Hebron. In Mass., at Chesterfield ; at Goshen, blue. 
Ill N. Hamp. , Grafton ; Aoworth, etc. In Conn,, at Monroe and Haddam, black. In iV. York* 
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aear Gouverneur; near Port Henry, Essex Co., enclosing orthoclase (see p. 109); Pierrepont; 
near Edenville. In Penn . , near Unionville ; at Chester ; Middletown, and elsewhere. In 
Canada , at G. Calumet Id. ; at Fitzroy, C. W. ; at Hunterstown, C. E. ; at Bathurst and 
Klmsley, C. W. 


Gehlenite. — Tetragonal. Color grayish-green. Q. ratio for B : ft : Si=3 : 8 : 4, or 8 : 2 
for bases and silicon. Formula CajftSi 3 Oi 0 , with ft= Al : Fe=5 : 1 ; this requires Silica 29*9, 
alumina 21*5, iron sesquioxide 6*0. lime 4*20=100. Mt. Monzoni, Fassathal, Tyrol. 


ANDALUSITE. 


608 


Orthorhombic. / A /= 90° 48', O A 1-i = 144° 32' ; c : 5 : d = 0*71241 
: 1*01405 : 1. Cleavage : I perfect in crystals from 
Brazil; i-i less perfect; i-l in traces. Massive, im- 
perfectly columnar, sometimes radiated, and granular. 

1L=7*5 ; in some opaque kinds 3-0. G.=3*05- 

3*35, mostly 3*l-3*2. Lustre vitreous ; often weak. 

Color whitish, rose-red, flesh-red, violet, pearl-gray, 
reddish-b^own, olive-green. Streak uncolored. Trans- 
parent to opaque, usually subtranslucent. Fracture 
uneven, subconchoidal. 


Var. — 1. Ordinary. H. =7*5 on the basal face, if not elsewhere. 
2. Chiastolite (made), Sterling, Mass. Stout crystals having the 
axis and angles of a different color from the rest, owing to a regu- 
lar arrangement of impurities through the interior, and hence ex- 
hibiting a colored cross, or a tesselated appearance in a transverse 
section. H. =3-7*5, varying much with the degree of impurity. 
The following figure shows sections of some crystals (see also p. 1 10). 



004 



Oomp. — Q. ratio for ft : Si=3 : 2 ; AlSi0 6 = Silica 30*9, alumina G3 *1=100. Sometimes a 
little FeO s is present. 

Pyr., etc. — B.B. infusible. With cobalt solution gives a blue color. Not decomposed by 
acids. Decomposed on fusion with caustic alkalies and alkaline carbonates. 

Diff. — Distinguishing characters: infusibility ; hardness; and the form, being nearly that 
of a square prism, unlike staurolite. 

Obs. — Most common in argillaceous schist, or other schists imperfectly crystalline : also in 
gneiss, mica schist, and related rocks. Found in Spain, in Andalusia, and thence tne name 
of the species ; in the Tyrol, Lisens valley ; in Saxony, at Briiunsdorf, and elsewhere. In 
Ireland* In Brazil, province of Minas Geraes (transparent). Common in crystalline rocks of 
New England and Canada; good crystals have been obtained in Delaware Co., Penn., eto.* 
also in California; in Mass., at Sterling ( e?iiastdite ). 


FTBROLITE. Bucholzite. Sillimanite. 

Orthorhombic. I A /= 96° to 98° in the smoothest crystals ; usually largei, 
the faces I striated, and passing into i- 2 . Cleavage : i-l very perfect, bril- 
liant. Crystals commonly long and slender. Also fibrous or columnar 
massive, sometimes radiating. 
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H.=6-7. G.=3*2-3*3. Lustre vitreous, approaching subadamantine 
Color hair-brown, grayish-brown, grayish-white, grayish-green, pale olive 
green. Streak uncolored. Transparent to translucent. 

Var. — 1. SUlimanite In long, slender crystals, passing into fibrous, with the fibres separ- 
able. 2. Fibrolite. Fibrous or fine columnar, firm and compact, sometimes radiated ; gray- 
ish-white to pale brown, and pale olive-green or greenish- gray. Bucholette and monrolite are 
here included ; the latter is radiated columnar, and of the greenish color mentioned. 

Oomp. — AlSiOo, as for andalusite= Silica 36 9, alumina 63*1=100. 

Pyr., etc.— Same as given under andalusite. 

Dif£ — Distinguished from tremolite by its infusibility ; also by its brilliant diagonal cleav* 
age, in which and in its specific gravity it differs from cyanite. 

* Obs. — Occurs in gneiss, mica schist, and related metamorphic rocks. In the Fassathal, 
Tyrol (buchdzite) ; at Bodenmais in Bavaria, etc. In the United States, at Worcester, Maas. 
Near Norwich, Conn. ; at Chester, near Say brook {sillimanite). In N. York , in Monroe, 
Orange Co. ( monrolite ). In Penn ., at Chester on the Delaware; in Delaware Co., etc. In 
Delaware , at Brandywine Springs. In N. Carolina , with corundum. 

Fibrolite was much used for stone implements in western Europe in the “ Stone age.” 

WOhthite, a hydrous fibrolite ; Westanitk (Sweden) is related in composition. 


OYANITE.* Kyanite. Disthene. 

Triclinic. In flattened prisms ; O rarely observed. Crystals oblong, 
usually very long and blade-like. Cleavage: i-i distinct; i-l less so; O 
imperfect. Also coarsely bladed columnar to subfibrous. 

H.= 5-7*25, the least on the lateral planes. G.= 3*45-3*7. Lustre vit- 
reous — pearly. Color blue, white, blue along the centre of the blades or 
crystals with white margins ; also gray, green, black. Streak uncolored. 
Tran si ucen t — transparen t. 

Var. — The white cyanite is sometimes called Rhcetmte . 

Oomp. — AlSiO 6= Silica 36*9, alumina 63*1=100, like andalusite and fibrolite. 

Fyr., etc. — Same as for andalusite. 

Diff. — Unlike the amphibole group of minerals in its infusibility ; occurrence in thin-bladed 
prisms characteristic. 

Obs. — Occurs principally in gneiss and mica slate. Found at St. Gothard in Switzerland ; 
at Greiner and Pfitsch in the Tyrol; also in Styria ; Carinthia ; Bohemia. In Mass., at 
Chesterfield, etc. In Conn ., at Litchfield; at Oxford. In Vermont, at Thetford. In Penn. t 
in Chester Co.; and Delaware Co. in AT. Carolina. 


TOPAZ.* 

Orthorhombic. I A 1 = 124° 17', 0 A 1 -i - 138° S'; c:l\& =0-90243 
: 1*8920 : 1. O A 1 = 134° 25', 1 A 1, inacr., = 141° O'. Crystals usually 
hemikedral, the extremities being unlike; habit prismatic. Cleavage: 
basal, highly perfect. Also firm columnar ; also granular, coarse or fine. 
H.=8. G.= 3*4-3*65. Lustre vitreous. Color straw-yellow, wine- 

¥ fllow, white, grayish, greenish, bluish, reddish ; pale. Streak uncolored 
ransparent — subtranslucent. Fracture subconchoidal, uneven. Pyro- 
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electric. Optic-axial plane i-l ; divergence very variable, sometimes differ- 
ing much in different parts of the same crystal ; bisectrix positive, noimal 
to ft 


005 



COG 

I I 1 


607 



608 


n 


w 


609 




Schneckenstein. 


Oomp. — AlSiOs, with part of the oxygen replaced by fluorine (Fa) ; ratio of F a : 0=1 : 6 = 
Silicon 15*17, aluminum 29*58, oxygen 34*67, fluorine 20*58=100. 

Pyr^ etc. — B.B. infusible. Some varieties take a wine-yellow or pink tinge when heated. 
Fused in the open tube with salt of phosphorus gives the reaction for fluorine. With cobalt 
solution the pulverized mineral gives a fine blue on heating. Only partially attacked by sul- 
phuric acid. 

Diff. — Distinguishing characters: — hardness, greater than that of quartz; infusibility; 
perfect basal cleavage. B.B. yields fluorine. 

Obs. — Topaz occurs in gneiss or granite, with tourmaline, mica, and beryl, occasionally 
with apatite, fluorite, and tin ore ; also in talcose rock, as in Brazil, with euclase, etc., or 
in mica slate. Fine topazes come from the Urals; Kamschatka ; Brazil; in Cairngorm, 
Aberdeenshire ; at the tin mines of Bohemia and Saxony. Phymlite (a coarse variety), occurs 
at Fossum, Norway ; also in Durango, Mexico^ at La Paz, province of Guanaxuato. In the 
United States, in Conn., at Trumbull. In N. Car., at Crowder’s Mountain. In Utah, in 
Thomas's Mts. ; from gold washings of Oregon . 


EUCLASE.* 

Monoclinic. C = 79° 44'= O A U, I A /= 115° O', O A 14 = 146° 45' ; 
c:b:d = 1 *02943 : 1-5446 : 1 = 1 : 1-50043 : 0-97135. 

Cleavage: i-l very perfect and brilliant; O, iri much 
less distinct. Found only in crystals. 

II. =7*5. GK =3*098 (ilaid.). Lustre vitreous, some- 
what pearly on the cleavage-face. Colorless, pale moun- 
tain-green, passing into blue and white. Streak un- 
colored. Transparent : occasionally subtransparent. 

Fracture conchoidal. Very brittle. 

Comp. — Q. ratio for H : Be : A1 : Si=l : 2 : 8 : 4, for R : Si=3 : 2 
(H?=R. and 3R=A1), formula, H 2 Be,AlSi a Oi<i= Silica 41*20, alumina 
85*22, glucina 17*39, water 6*19=100. 

Fyr., etc. — In the closed tube, when strongly ignited, B.B. gives off 
water (Damour). B.B. in the forceps cracks and whitens, throws out 
points, and fuses at 6*5 to a white enamel. Not acted on by acids. 

Obs. — Occurs in Brasil, at Villa Rica ; in southern Ural, near the river Sanarka. 
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DATOUTB. Hnmboldtite. 

Monoclinic. C = 89° 54'= 0 (below) A i-/, I A / = 115° 3', O A 14 = 
162 ° 27 c:b:d = 0-49695 : 1-5712 : 1. 0 A -24 = 135° 13', 0 A 1 -~ 

149 ° 33', /A /front = 115° 3', 24 A 24, ov. 0 , = 115° 21', A i-fc, ov. i i, 
= 76° 18', 44 A 44, ov. 0, = 76° 88. Cleavage: O distinct. Also botrv- 
oidal and globular, having a columnar structure ; also divergent and radi- 
ating ; also massive, granular to compact. 



Bergen Hill. Bergen Hill. ArendaL 


H.=5-5-5. G.=2*8-3 ; 2*989, Arendal, Haidinger. Lustre vitreous, 
rarely subresinous on a surface of fracture ; color white ; sometimes gray- 
ish, pale-green, yellow, red, or amethystine, rarely dirty olive-green or 
honey-yellow. Streak white. Translucent; rarely opaque white. Frac- 
ture uneven, subconchoidal. Brittle. Plane of optic-axes i-t ; angle of 
divergence very obtuse ; bisectrix makes an angle of 4° with a normal to i-i 

Var.— 1. Ordinary, In mystala, glassy in aspect Usual forma aa in figures. 2. Gotnjmct 
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ma$8foe. White opaque, breaking with the surface of porcelain or Wedgewood ware. From 
the L. Superior region. 3. Botryoidal ; BotryoliU, Radiated columnar, having a botryoidal 
surface, and containing more water than the crystals. The original locality of both the crys- 
tallized and botryoidal was Arendal, Norway. UayU/rite is datolite altered to chalcedony, 
from the Hay tor Iron Mine, England. 

Oomp — Q. ratio forH : Ca : B : Si=l : 2 : 8 : 4, like euclase: formula HoCa 2 B»SiaOi 0 ~ 
Silica 37 *5, boron trioxide 21*9, lime 35 *0, water 5 *6 = 100. Botryolite contains 10 *04 p. o. water. 

Fyr., etc. — In the closed tube gives off much water. B. B. fuses at 2 with intumescence to 
a ‘dear glasi, coloring the flame bright green. Gelatinises with hydrochloric acid. 

Diff . — Distinguishing characters : glassy lustre ; usually complex crystallization ; B.B. 
fuses easily with a green flame ; gelatinizes with acids. 

Obs. — Datolite is found in trappean rocks ; also in gneiss, dioryte, and serpentine ; in me- 
tallic veins ; sometimes also in beds of iron ore. Found in Sootland ; at Arendal ; at Andreas- 
berg ; at Baveno near Logo Maggiore ; at the Seisser Alp, Tyrol ; at Toggiona in Modena, in 
serpentine. In good specimens at Roaring Brook, near New Haven ; also at many other 
localities in the trap rocks of Connecticut ; in N. Jersey, at Bergen Hill ; in the Lake Superior 
region, and on Isle Royale. San Carlos, Inyo Co., Cal., with garnet and vesuvianito. 


TTTANITE.* Sphene. 

Monoclinic. G = 60° 17' = O A i-i ; /A 7 = 113° 31', 6> A 14 = 159° 
39'; c : b : d — 0-56586 : 1-3251 : 1. Cleavage: I sometimes nearly per- 
fect ; i-i and —1 much less so ; rarely (in greenovitc) 2 easy, —2 less so ; 
sometimes he rni morph ic. Twins : twinuing-plane i-i ; usually producing 
thin tables with a reentering angle along one side ; sometimes elongated, 
as in f. 623. Sometimes massive, compact ; rarely lamellar. 


010 620 621 623 628 



Lederite. Splnthdre. Schwarzensteln. 

H.=5-5-5. G.=3-4-3-56. Lustre adamantine — resinous. Colo* brown, 
gray, yellow, green, and black. Streak white, slightly reddish in greenovite 
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Transparent— opaqne. Brittle. Optic-axial plane ; bisectrix positive, 
very closely normal to 14 (x) ; double refraction strong ; ax^al divergence 
63°-5 6° for the red rays, 46°-45° for the blue ; DesCl. 

Comp., Var. — Q. ratio for Ca : Ti : Si=l : 2 : 2, or making the Ti basic (Ti=2R), R : Si 
=8 : 2 ; formula (equivalent to RSiO#) CaTiSiO*= Silica 80*61, titanic oxide 40*82, lime 28*57 
=100. 

Vur. — Ordinary . (a) Titanite ; brown to black, the original being thus colored, also opaque 
or subtranslucent. ( b ) Sphene (named from <r<p1jv, a wedge) ; of light Bhades, as yellow, green- 
ish, etc. , and often translucent ; the original was yellow. Manganesian ; Greenovite. Red 
or rose-colored, owing to the presence of a little manganese. In the crystals there is a great 
diversity of form, arising from an elongation or not into a prism, and from the occurrence of 
the elongation in the direction of different diameters of the fundamental form. 

Fyr., etc. — B. B. some varieties change color, becoming yellow, and fuse at 3 with intu- 
mescence, to a yellow, brown, or black glass. With borax they afford a clear yellowish-green 
glass. Imperfectly soluble in heated hydrochloric acid ; and if the solution be concentrated 
along with tin, it becomes of a fine violet color. With salt of phosphorus in R.F. gives a 
violet bead ; varieties containing much iron require to be treated with the flux on charcoal 
with metallic tin. Completely decomposed by sulphuric and fluohydric acids. 

Diff. — The resinous lustre is very characteristic ; and its commonly occurring wedge-shaped 
form. B.B. gives a titanium reaction. 

Obs. — Titanite occurs in imbedded crystals, in granite, gneiss, mica schist, syenite, chlorite 
schist, and granular limestone ; also in beds of iron ore, and volcanic rocks, and often asso- 
ciated with pyroxene, hornblende, chlorite, scapolite, zircon, etc. Found at St. Gothard, and 
elsewhere in the Alps; in the protogine of Chamouni ( pictite , Saus.); at Ala, Piedmont 
(ligurite) ; at Arendal, in Norway ; at Achmatovsk, Urals ; at St. Marcel in Piedmont [green- 
ovite , Duf.) ; at Schwarzenstein, Tyrol ; in the Untersulzbachthal in Pinzgau ; near Tavistock ; 
near Tremadoc, in North Wales. 

Occurs in Canada, , at Grenville, Elmsley, etc. In Maine, at Sanford. In Mass., at Bol- 
ton ; at Pelham. In N . York , at Gouvemeur ; at Diana, in dark-brown crystals (ledente) ; 
in Orange Co.; near Edenville ; near Warwick. In N. Jersey , at Franklin. In Penn., Bucks 
Co. , near Attleboro 1 . 

Guarinite. — S ame composition as titanite, but orthorhombic (v. Lang and Guiscardi) in 
crystallization. Color yellow. Mt. Somma. 

Keilhauite (Yttrotitanite). — Near sphene in form and composition, but containing alu- 
mina and yttria. Arendal, Norway. 

Tschefpkinite. — A nalogous to keilhauite in composition, containing, besides titanium, 
also cerium (La,Di). Occurs massive. Ilmen Mts. 


STAUROIiITE. 


Orthorhombic. Ia1= 129° 20', O A 1-i = 124° 46' ; c : l : & = 1-4406 
: 2-11233 : 1. Cleavage : i-i distinct, but interrupted ; 1 in traces. Twins 

687 688 689 630 



aroeiform : t winning-plane i-\ (f. 628) ; f-i (f. 629) ; and (f. 630). Fig. 
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831 is a drilling according to the last method of twinning, and in f. 632 both 
methods are combined. See also 
p. 90 and p. 98. Crystals often 
with rough surfaces. Massive 
forms unobserved. 

H.=7-7*5. G.=3*4-3*8. Sub- 
vitreous, inclining to resinous. 

Color dark reddish-brown to 
brownish-black, and yellowish- 
brown. Streak uncolored to 
grayish. Translucent — nearly or 
quite opaque. Fracture conchoidal. 

Comp., Var. — Q. ratio, according to Rammelsberg, for R : ft : Si =2 : 9 : 6 (where It is Pa 
and Mg, and also includes Hu, with Ha : R=1 : 53). Formula HjRaAlo^iflO,* (if Mg : Fe=l : 3) 
=Silica 30*37, alumina 5192, iron protoxide 13 00, magnesia 2 53, water 1*52=100. The 
iron was first taken as FeO a , but Mitscherlich showed that it was really FeO. Staurolite 
often includes impurities, especially free quartz, as first shown by Lechartier, and since then 
by Fincher, Lasaulx, and Raramelsberg. This is the cause of the variation iu the amount of 
silica appearing in most analyses, there being sometimes as much as 50 p. c. 

Pyr M etc. — B.B. infusible, excepting the manganesian variety, which fuses easily to a black 
magnetic glass. With the fluxes gives reactions for iron, and sometimes for manganese. 
Imperfectly decomposed by sulphuric acid. 

DifE. — Always in crystals ; the prisms obtuse, having an angle of 129°. , 

Obs. — Usually found in mica schist, argillaceous schist, and gneiss ; often associated with 
garnet, cyanite, and tourmaline. Occurs with cyanite in paragonitc schist, at Mt Canipione, 
Switzerland ; at the Greiner mountain, and elsewhere in the Tyrol ; in Brittany ; in Ireland. 
Abundant throughout the mica slate of New England. In Maine, at Windham, and elsewhere. 
In Mom., at Chesterfiold, etc. In Penn . In Georgia , at Oonton ; and in Fannin Co. 

Schorlomitk. — Q. ratio for Ca+Fe-hTi : Si=2 : 1, nearly. Analysis by Ramm., Arkan- 
sas, SiO-i 20*09, TiO a 21*34, FeO, 20*11, FeO 1*57, CaO 29*38, MgO 1*30=99*85. Color blaok. 
Fracture conchoidal. Magnet Cove, Arkansas ; Kaiserstuhlgebirge in Breisgau. 


631 032 



HYDROUS SILICATES. 

L General Section. A. Bisilicates. 

FBOTOLITB. 

Monoclinic, isomorphous with wollastonite. Greg. Cleavage : i-i (orthoa.) 
perfect. Twins : twinning-plane i-i, Usually in close aggregations of aci- 
cular crystals. Fibrous massive, radiated to stellate. 

H.=5. G.=2*68-2*78. Lustre of the surface of fracture silky or suh- 

vitreous. Color whitish or grayish. Subtranslucent to opaque. Tough. 
For Bergen miueral optic-axial plane parallel to orthodiagonal, and very 
nearly normal to i-i ; acute bisectrix positive, parallel to orthodiagonal, and 
obtuse bisectrix nearly normal to cleavage plane or i-i ; axial angle in oil, 
through cleavage-plates, 143°-145° ; DesCl. 

Var. — Almost always columnar or fibrous, and divergent, the fibres often 2 or 3 inohes long, 
and sometimes, as in Ayrshire, Scotland, a yard. Resembles in aspect fibrous varieties of 
natrelite, okenite, thoxneonite, treinolifcs, and wollastonite, 

22 
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Oomp. — Q. ratio for H : Na : Ca : Si=l : 1 *. 4 : 12, and for It : Si (where R includes Ca^ 
and H 2 sNa 2 ) = l : 2, like wollastonite ; hence formula HNaCa 2 Si 8 0,,= Silica 54*2, lime 33*8, 
soda 9 3, water 2*7=100. If the H does not belong with the bases, then the formula may be 
(Hamm.) Na 2 Ca 4 Si 6 0n+aq. 

Pyr«, etc. — In the closed tube yields water. B. B. fuses at 2 to a white enamel. Gela- 
tinizes with hydrochloric acid. Often gives out a light when broken in the dark. 

Obs. — Occurs mostly in trap and related rocks, in cavities or seams ; occasionally in meta- 
morphio rocks. Found in Scotland, near Edinburgh; in Ayrshire; and at Tali ver, etc., L 
Skye ; at Mt. Baldo and Mt. Monzoni in the Tyrol ; in Wermland ; at Bergen Hill, N. J. ; 
compact at Isle Royale, L. Superior. 


LAUMONT1TEI. Caporcianite. 

C= 68° 40', 7a /= 86° 16\ O A 1-i = 151° 9' ; c : l : d = 
0*510 : 0*8727 : 1. Prism with very oblique terminal plane 
2-i, the most common form. Cleavage : i-i and / perfect; 
i~i imperfect. Twins: twinning-plane z-i. Also columnar, 
radiating or divergent. 

IL=3*5-4. G.=: 2*25-2*30. Lustre vitreous, inclining 

to pearly upon the faces of cleavage. Color white, passing 
into yellow or gray, sometimes red. Streak uncolored. 
Transparent — translucent; becoming opaque and usually 
pulverulent on exposure. Fracture scarcely observable, 
uneven. Not very brittle. Double refraction weak ; optic- 
axial plane i-\\ divergence 52° 24' for the red rays; bisec- 
trix negative, making an angle of 20° to 25° with a normal 
to i-i ; JDesCl. 

Oomp. — Q. ratio for R : ft : Si : H=1 : 3 : 8 : 4 ; and R : Si=l : 2 (3R=R). R=Ca, ft 
=Al, and the formula is hence CaAlSi 4 0 12 -|-4aq= Silica 50 0, alumina 218, lime 11*9, water 
10*3=100. 

Fyr., etc. — Loses part of its water over sulphuric acid, but a red heat is needed to drive 
off all. B.B. swells up and fuses at 2*7-3 to a white enamel. Gelatinizes with hydrochlorio 
acid. 

Obs. — Laumontite occurs in the cavities of trap or amygdaloid ; also in porphyry and sye 
nite, and occasionally in veins traversing clay slate with calcite. Its principal localities are 
at the Faroe Islands ; Disko in Greenland ; in Bohemia, at Eule ; St. Gothard in Switzer- 
land ; the Fassathal ; the Kilpatrick hills, near Glasgow. Nova Scotia affords fine specimens ; 
also Lake Superior, in the copper region, and on I. Royale ; also Bergen Hill, N. J. 

Okknite. — F ormula HuOaSijOfl-faq, having half the water basic = Silica 50*0, lime 26*4, 
water 17*0=100. Commonly fibrous. Color white, Faroe Is.; Disco, Greenland; Iceland. 

Gyrolite. — O ccurs in radiated concretions at the Isle of Skye ; Nova Scotia. Formula 
perhaps H 2 Ca 2 Si 8 Oo-baq. Centra llassite. Related to okenite, but contains 1 molecule 
more water. In trap of Nova Scotia. 



CHRYSOCOLLA.* Kieselkupfer, Germ. 

Cryptocrystalline; often opal-like or enamel-like in texture; earthy. 
Incrusting, or filling seams. Sometimes botryoidul. 

H.=2-4. G.=2-2*238. Lustre vitreous, shining, earthy. Color moun- 

tain-green, bluish-green, passing into sky-blue and turquois-blne ; brown to 
black when impure. Streak, when pure, white. Translucent — opaque. 
Fracture conclioidal. Rather- sectile ; translucent varieties brittle. 
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Comp. — Composition varies much through impurities, as with other amorphous substances, 
resulting from alteration. As the silica has been derived from the decomposition of othci 
silicates, it is natural that an excess should appear in many analyses. True ehrysocolla cor- 
responds to the Q ratio for Cu : Si : H, 1:2: 2=CuSi0 8 -{-2aq= Silica 84*2, copper oxide 
45*3, wnW 20*5 = 100. But some analyses afford 1:2:2, and 1:2:4. Impure ehrysocolla 
may contain, besides free silica, various other impurities, the color varying from bluish-greon 
to brown and black, the last especially when manganese or copper is present. 

Pyr., eta — In the closed tube blackens and jiolds water. B.B. decrepitates, colors the 
flame emerald- green, but is infusible. With the fluxes gives the reactions for copper. With 
soda and charcoal a globule of metallic copper. Decomposed by acids without gelatinization. 

Diff — Color more bluish-green than that of malachite, and it does not effervesce with 
acids. 

Obs. — Accompanies other copper ores, occurring especially in the upper part of veins. 
Found in most copper mines in Cornwall ; at Libethen in Hungary ; at Falkensfcein and 
Schwatz in the Tyrol; in Siberia; the Bannat; Thuringia; Schneeberg, Saxony; Knpfer- 
berg, Bavaria; South Australia ; Chili, etc. In Somerville and Schuyler’s mines, New Jersey; 
at Morgantown, Pa. ; at Cornwall, Lebanon Co. ; Nova Scotia, at the Basin of Mines; also 
in Wisconsin and Michigan. 

Dkmidoffite ; Cyanociialcite ; Rksanite ; near ehrysocolla. 

Cataplkiite.— Analysis (Ramm.), SiO, 39 78, ZrO a 40*12, CaO 3 45, Na^O 7*59, H«0 9*24 
=100*18. Hexagonal Color yellowish-brown, Lamde, near Brevig, Norway. 


B. UNISILICATES. 


CALAMINE. Galmei ; Kieselzinkerz, Germ. 

Orthorhombic ; hemimorphic-hcmihcdral. /A I — 104° 13', O Al-i = 
148 ° 31', Daubar; c : b : d = 0 Cl 24 : 1*2850 : 1. Cleav- 
age: /, perfect; O, in traces. Also stalactitic, inanunil- 634 

lated, botryoidal, and fibrous forms; also massive and 
granular. 

lI.=4*5-5, the latter when crystallized. G. = 3*1 0-3*9. 

Lustre vitreous, O subpearly, sometimes adamantine. Color 
white; sometimes with a delicate bluish or greenish shade; 
also yellowish to brown. Streak white. Transparent — 
translucent. Fracture uneven. Brittle. Pyroelectric. 

Comp.— Q. ratio for R : Si : H=1 : 1 : £ ; Zn 2 Si 04 -faq= Silica 25 0, 
zinc oxide 07*5, water 7*5 = 100. 

Pyr., etc. — In the closed tube decrepitates, whitens, and giveB off 
water. B.B. almost infusible ;F.=0); moistened with cobalt solution 
gives a green color when heated. On charcoal with soda gives a coating which is yellow while 
hot, and white on cooling. Moistened with cobalt solution, and heated in O.F., this coating 
assumes a bright green color. Gelatinizes with acids even when previously ignited. Decom- 
posed by acetic acid with gelatinization. Soluble in a strong solution of caustic potash. 

DifL — Dstinguishing characters : gelatinizing with acids; infusibility ; reaction for zinc. 

Obs. — Calamine and smithsonite are usually found associated in veins or beds in stratified 
calcareous rocks accompanying blende, ores of iron, and lead, as at Aix la Chapelle; Bleiberg 
in Carinthia ; Retzbanya ; Schemnitz. At Rough ten Gill in Cumberland; at Alston Moor; 
near Matlock in Derbyshire; at Castleton ; Lead hills, Scotland. 

In the United States occurs with smithsonite in Jefferson county, Missouri. At Stirling 
Hill, N. J. In Pennsylvania, at the Perkiomen and Phenixville lead mines; at Bethlehem; 
at Friedensville. Abundant in Virginia, at Austin's mines. 
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Orthorhombic. 1 A /= 99° 56', 0 A 14 = 146° 11 ; <5 : 2 : 4 = 0-66963 
: 1-19035 : 1. Cleavage : basal, distinct. Tabular crystals often united by 
0, making broken forms, often barrel-shaped. Usually reniform, globular, 
and stalactitic with a crystalline surface. Structure imperfectly columnar 
or lamellar, strongly coherent ; also compact granular or impalpable. 

H.=6-6*5. G.=2*8-2 , 953. Lustre vitreous; O weak pearly. Color 
light green, oil-green, passing into white and gray ; often fading on expo- 
sure. Subtransparent — translucent ; streak nncoiored. Fracture uneven. 
Somewhat brittle. 

Comp. — Q. ratio for R : ft : Si : H— 2 : 3 : 6 : 1, whence, if the water is basic, for bases 
and silicon, 1:1; formula HuCaaAclSiaOi-, or Ga a AJSi 3 On-l“aq= Silica 43*6, alumina 24*9, 
lime 27*1, water 4*4=100. 

Pyr., etc. — In the closed tube yields water. B.B. fuses at 2 with intumescence to a blebby 
enamel -like glass. Decomposed by hydrochloric acid without gelatinizing. ( ' oupkolite , which 
often contains dust or vegetable matter, blackens and emits a burnt odor. 

Di ^ — B. B. fuses readily, unlike beryl and chalcedony. Its hardness is greater than that of 
the zeolites. 

Obs.— Occurs in granite, gneiss, syenite, dioryte, and trappean rocks especially the last. 
At Bourg d’Oisans in IsSre ; in the Fassathal, Tyrol ; Ala in Piedmont ; Joachimsthal in 
Bohemia ; near Andreasberg ; Arendal, Norway ; JEdelfors in Sweden ; in Dumbartonshire ; 
in Renfrewshire. 

In the United States, in Connecticut ; Bergen Hill, N. J. ; on north shore of Lake Superior ; 
in large veins in the Lake Superior copper region. 

Chlor a ST llOLITE and Zonociilorite from Lake Superior are mixtures, as shown by 
Hawes. 

Villarsite. — Probably an altered chrysolite. Formula R a Si0 4 -f-4aq (or fcaq) R=Mg : Fe 
=11 : 1. Traversella. 

Cerite, Sweden, and Tritomite, Norway, contain cerium, lanthanum, and didymium. 
Thorite and Orangitk contain thorium. Norway. 

Paratiiorite. — In minute orthorhombic crystals, imbedded in danburite at Danbury, Ct. 
Ohemical nature unknown. 

Pykosmalite. — Analysis by Ludwig, Si0 9 34*66, FeO 27*05, MnO 25*60, CaO 0*52, MgO 
0*93, H a O 8*31, Cl 4*88=101*85. In hexagonal tables. Color blackish -green. Nya-Koppai- 
berg, eta, Sweden. 


APOPHYIiUTB.* 


Tetragonal. 

635 


O A 1-4 = 128° 38'; c = 1*2515. 
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red. Streak uncolored. 


Crystals sometimes nearly 
cylindrical or barrel- 
shaped. Twins : twin- 
ning-plane the octahe- 
dron 1. Cleavage : O 
highly perfect; I less 
so. Also massive and 
lamellar. 

H.=45-5. G.=2-3- 
2*4. Lustre of O pearly ; 
of the other faces vitre- 
ous. Color white, or 
grayish ; occasionally 
with a greenish, yellow- 
ish, or rose-red tint, flesh 
Transparent ; rarely opaque. Brittle. 
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Oomp. — Q ratio for R : Si : H usually taken as 1 : 4 : 2, part of the oxygen replaoed by 
fluorine (F a ). According to Rammelsberg the ratio is 9 : 82 : 10 ; he writes the formula 
4(H a CaSijO«4*aq)-hKF. This requires: Silica 52 97, lime 24 -72, potash 5*20, water 15*90, 
fluorine 2*10=100*89. It maybe taken as a unisilicate if part of the silica is considered 
accessory. 

Pyr., etc.— In the closed tube exfoliates, whitens, and yields water, which reacts acid. In 
the open tube, when fused with salt of phosphorus, gives a fluorine reaction. B. B. exfoliates, 
colors the flame violet (potash), and fuses to a white vesicular enamel. F. =1*5. Decom- 
posed by hydrochloric acid, with separation of slimy silica. 

Diff. — Distinguishing characters : its occurrence in square prisms ; its perfect basal cleav- 
age, and pearly lustre on the base. 

Obs. — Occurs commonly in amygdaloid and related rocks, with various zeolites ; also occa- 
sionally in cavities in granite, gneiss, etc. Greenland, Iceland, the Fartto Islands, Andreas- 
berg, the Syhadree Mountains in Bombay, afford fine specimens. In America, found in 
Nova Scotia ; Bergen Hill, N. J.; the Cliff mine. Lake Superior region. 

Chalco morph ite (v. Hath ), from limestone inolosures in the lava of Niedermend g. 
Hexagonal. Essentially an hydrous calcium silicate. 

EdingtoN ITE .—Analysis by Heddle, SiO j 30*98, AlO* 22*03, BaO 20*84, CaO tr, Na a O tr., 
H a O 12 40=98 91. Tetragonal. Dumbarton, Scotland. 

Gismondite. — Analysis, Marignac, SiO a 35*38, A10« 27*23, CaO 13*12, K a 02’85, 11,021*10 
=100*18. Capo di Bove, near Home ; Baumgarten, near Giessen, etc. 

Carpholite. — In radiated tufts in the tin mines of Schlackenwald ; Wippra in the Harz. 
Bases mostly in sesquioxide state (Al,Mn,Fe). 


SUBSILICATES. 

ALLOPHANB. 


Amorphous. In incrustations, usually tliin, with a mammillary surface, 
and hyalite-like ; sometimes stalactitic. Occasionally almost pulverulent. 

II.=3. G.= 1*85-1 *89. Lustre vitreous to subresinous ; bright and 

waxy internally. Color pale sky-blue, sometimes greenish to deep green, 
brown, yellow, or colorless. Streak uncolored. Translucent. Fracture 
imperfectly conchoidal and shining, to earthy. Very brittle. 


Oomp — Q. ratio for Al : Si : H, mostly=3 : 2 : 6 (or 5) ; AlSiO ft -|-6aq, or AlSiO A +5aq= 
Silica 23*75, alumina 40*62, water 35*63=100. PtumbattophMie, from Sardinia, contains a 
little lead. 


The coloring matter of the blue variety is due to traces of chrysocolla, the green to mala- 
ehite, and that of the yellowish and brown to iron. 

Pyr., etc. — Yields much water in the closed tube. B.B. crumbles, but is infusible. Gives 
a blue color with cobalt solution. Gelatinizes with hydrochloric acid. 

Obs. — AUophane is regarded as a result of the decomposition of some aluminous silicate 
(feldspar, etc.) ; and it often occurs incrusting fissures or cavities in mines, especially those 
of copper and limonite, and even in beds of coaL Found at Scbneeberg in Saxony ; at Gers- 
bach ; at the Chessy copper mine, near Lyons; near Woolwich, in Kent, England. In the 
U. S. it occurs at Richmond, Mass.; at the Friedensville zinc mines, Pa., etc. 

Collyrite. — A hydrous silicate of aluminum. Clay-like in structure, white. Hove, 
England ; Schemnitz. 

Ubanophane, from Silesia, and Uranotile , from Wolsendorf, Bavaria, are silicates ooo 
taming uranium. 
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II. Zeolite Section. 


THOMSONITE. Comptonite. 


Orthorhombic. 



to i-i ; divergence 


I A /= 90° 40' ; 0 A 14 = 144° 9' ; c : b : & =0*7225 : 
1*0117 : 1. Cleavage : i-i easily obtained ; i-l less sc , 
O in traces. Twins : cruciform, having the vertical 
axis in common. Also columnar, structure radiated ; 
in radiated spherical concretions ; also amorphous and 
compact. 

H. =5-5*5. G. = 2*3-2*4. Vitreous, more or less 
pearly. Snow-white ; impure varieties brown. Streak 
uncolored. Transparent — translucent. Fracture uneven. 
Brittle. Pyroelectric. Double refraction weak ; optic- 
axial plane parallel to 0\ bisectrix positive, normal 
82°-82-J° for red rays, from Dumbarton ; DesCl. 


Var Ordinary, (a) In regular crystals, usually more or less rectangular in outline. (?/) 

In slender prisms, often vesicular to radiated. ( c ) Radiated fibrous, (d) Spherical concre- 
tions, consisting of radiated fibres or slender crystals. (() Massive, granular to impalpable, 
and white to reddish-brown. Ozarkite is massive thomsonite; rauite (Norway) is related. 

Comp. — Q. ratio for R(=Ca,Na 2 ) : RrAl) : Si : H=1 : 3 : 4 : 24, Ca : Na a = 2 : 1, or 3 : 1 ; 
formula 2(Ca,Na 2 )AlSi 2 0*-f - r mq. Analysis, Ramrnelsberg, Dumbarton, SiO a 38*09, A10 a 
81 62, CaO 12*00, Na.O 4 02, 11,0 18*40=100*20. 

Fyr., etc.— At a red heat loses 13 3 p. c. of water, and the mineral becomes fused to u 
white enamel. B.B. fuses with intumescence at 2 to a white enamel. Gelatinizes with 
hydrochloric acid. 

Obs. — Found in cavities in lava nnd other igneous rocks ; and also in some metamorphic 
rocks, with elroolite. Occurs near Kilpatrick, Scot land ; in the lavas of Somma (cornptonite) j 
in Bohemia ; in Sicily ; in Faroe ; the Tyrol, at Theiss ; at Monzoni, Fassathal ; at Peter’s 
Point, Nova Scotia ; at Magnet Cove, Arkansas (ozarkite). 


NATROLITE. Mesotype. Nadelzeolith, Germ. 


Orthorhombic. 
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1 A /= 91°, O A 14 = 144° 23'; c : l : a = 0*35825 : 
1*0176 : 1. Crystals usually slender, often acicular ; fre- 
quently interlacing ; divergent, or stellate. Also fibrous, 
radiating, massive, granular, or compact. 

II. =5-5*5. G.=2*17-2*25 ; 2*249, Bergen Ilill, 

Brush. Lustre vitreous, sometimes inclining to pearly, 
especially in fibrous varieties. Color white, or colorless; 
also grayish, yellowish, reddish to red. Streak uncolored. 
Transparent — translucent. Double refraction weak ; op- 
tic-axial plane i-i ; bisectrix positive, parallel to edge 
I/I; axial divergence 94°~96°, red rays, for Auvergne 
crystals; 95° 12' for brevicite ; DesCl. 

Oomp. — Q. ratio for R : R : Si : H=1 : 3 : 6 : 2 ; and for R : Si= 


Fyr., etc. — In the closed tube loses water, whitens and becomes opaque. B.B. fuses quictij 
at 2 to a colorless glass. Fusible in the fiame of an ordinary stearine or wax candle. Geia 
tinizcB with acids. 
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Diff — Some varieties resemble pectolifce, thomsonite. but distinguished B.B. 

Obs. — Occurs iu cavities in amygdaloidal trap, basalt,. and other igneous rocks ; and some 
times in seams in granite, gneiss, and syenite. It is found in Bohemia ; in Auvergne ; Fassa 
thal, Tyrol ; Kapnik ; at Glen Farg in Fifeshire ; in Dumbartonshire. In North America, 
occurs in the trap of Nova Scotia ; at Bergen Hill, N. J. ; at Copper Falls, Lake Superior. 


SOOLECITE. Poonahlite. 

Monoclinic. C= 89° 6', I A I = 91° 3G', O A 1-i = 1G1° 1G£' ; c : b : a 
= 0*3485 : 1*0282 : 1. Crystals long or short prisms, or 
acicular, rarely well terminated, ami always compound. 

Twins: twinning-plane i-i. Cleavage: I nearly perfect. 

Also in nodules or massive; fibrous and radiated. 

II. =5-5*5. G. = 2*10-2*4. Lustre vitreous, or silky 
when fibrous. Transparent to subtranslucent. Pyro- 
electric, the free end of the crystals the antilogue pole. 

Double refraction weak ; optic-axial plane normal to i-i ; 
divergence 53° 41', for the red lays; bisectrix negative, 
parallel to i-i ; plane of the axis of the red rays ami their 
bisectrix inclined about 17° S' to i-i\ and 93 Q 3' to 1-L 

Oomp. — Q. ratio for B : R : Si : 11= 1 : 3 : 0 : 3 ; forIt v 3R=R) : Si-- 2 : 3, as in natrolite ; 
R=Ca,4t=A:l; formula CaAlSi 3 0iu4-3aq=Silica 45*85, alumina 25*13, lime 14 33, water 
13*70 = 100. 

Pyr., etc. — B.B. sometimes curls up like a worm (whence the name from <t7cc£a.7j£, a worm , 
which gives moh cite, and not wolesite or scolezite ) ; other varieties intumcsce but slightly, and 
all fuse at 2-2 3 to a white blebby enamel. Gelatinizes with acids like natrolite. 

Diff. — Characterized by its pyrognostics. 

Obs. — Occurs in the Berufiord, Iceland ; also at S tafia ; in Skye, at Talisker ; near Poonah, 
Hindostau ( Poonahlite ) ; in Greenland ; at Pargas, Finland, etc. 

Mesolite. — (Ca,Na4AlSi 3 Oio-p3aq (5 p. c. NajO). Near scolecite. Iceland; Nova Scotia. 

Levynite. — Rhombohedr il. Q. ratio for R : ft : Si : It= 1 : 3 : 0 : 4. Analysis, Damour, 
Iceland, SiO a 4570, A10 3 23*56, OaO 10 57, Na.,0 1*30, K a O 1*04, H a O 17*33=100*32. Ire- 
land ; Faroe ; Iceland. 


641 



ANALCITE.* 

Isometric (?) . Usually in trapezohedrons (f. 54, p. 18). Cleavage; 
cubic, in traces. Also massive granular. 

H.=5-5*5. G.=2*22-2*29 ; 2*278, Thomson. Lustre vitreous. Color- 
less ; white ; occasionally grayish, greenish, yellowish, or reddish-white. 
Streak white. Transparent — nearly opaque. Fracture Bubconchoidal, 
uneven. Brittle. 


Oomp. — Q. ratio for R : ft : Si : H=1 : 3 : 8 : 2, R=Na a , R=A1=3R; R : Si=t : 2. For 
mula Na a A:lSi 4 Oia f 2aq= Silica 54*47, alumina 33*20, soda 14*07, water 8*17=100. 

Fyr., etc. — Yields water in the closed tube. B.B. fuses at 2*5 to a colorless glass. Gelati- 
nizes with hydrochloric acid. 

Diff. — Distinguishing characters : crystalline form ; absence of cleavage ; fusion B.B. with- 
out intumescence to a clear glass (unlike chabazite). 

Obs. — Some localities are : the Tyrol ; the Kilpabnck Hills in Scotland ; the Faroe Islands ; 
Iceland; Aussig, Bohemia; Nova Scotia; Bergen Hill, New Jersey; the Lake Superior 
region. 

Sohrauf has found that the analcite ol rneueck, Bohemia, is properly tetragonal ; the 
simplest crystals showing evidence of repeated twinning. 
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Faujabite. — An octahedral zeolite from the Kaiserstuhlgebirge. Analysis. Damour, BiO» 
46*12, AlO, 16*81, OaO 4*79, Na a O 5*09, H a O 27*02=99*88. 

Eudnophitk. Near analcite. In syenite near Brevig, Norway. 

Pilinite. —In slender needles (orthorhombic) ; white ; lustre silky. Analysis Si0 9 55-70, 
AdOa(FeO«) 18*64, CaO 19.51, Li a O (118), H a O 4*97=100. In granite of Striegau, Silesia 
(. Lasauto ). 


CHABAZITE* 


Rhombohedral. R aR = 94° 46', OaR = 129° 15' ; c = 1*06. Twins : 
twinning-plane O y very common, and usually in compound twins, as in 
f. 644 ; also R y rare. Cleavage rhombohedral, rather distinct. 

642 643 644 


Color white, flesli-red ; 
streak uncolored. Transparent — translucent. Fracture uneven. Brittle. 
Double refraction weak ; in polarized light, images rather confused ; axis 
in some crystals (Bohemia) negative, in others (from Andreasberg) posi- 
tive ; DesCl. 

Var. — 1. Ordinary. The most common form is the fundamental rhombohedron, in which 
the angle is so near 90° that the crystals were at first mistaken for cubes. Acadialite , from 
Nova Scotia (Aoadia of the Frenoh of last century), is only a reddish chabazite ; sometimes 
nearly colorless. In some specimens the coloring matter is arranged in a tesselated manner, 
or in layers, with the angles almost colorless. 2. Phacolite is a colorless variety occurring in 
twins of mostly a hexagonal form, and often much modified so as to be lenticular in shape 
(whence the name, from <f>c ucrfy, a bean) ; the original was from Leipa in Bohemia; if a if 
=94° 24', fr. Oberstein, Breith. 

Comp.— Making part of the water basic (at 300° C. loses 17-19 p. c.) Rammelsberg writes 
the formula (H,K) a CaAlSi 6 0i6+6aq, where the Q. ratio for R : ft : Si=2 : 3 : 10, R = H ,Na a , 
Ca; or (8R=ft), R : Si=l : 2. The formula corresponds to Silica 50*50, alumina 17*26, lime 
9*43, potash 1*98, water 20*83=100. 

Pyr., etc. — B.B. intumeBceB and fuses to a blebby glass, nearly opaque. Decomposed by 
hydrochloric acid, with separation of slimy silica. 

Diff. — Its rhombohedral form, resembling a cube, is characteristic ; is harder, and does not 
effervesce with acids like calcite; is unlike fluorite in cleavage ; fuses B.B. with intumes- 
cence to a blebby glass, unlike analcite. 

Obs. — Chabazite occurs mostly in trap, basalt, or amygdaloid, and occasionally in gneiss, 
syenite, mica schist, homblendie schist. At the Faroe Islands, Greenland, and Iceland ; at 
Aussig in Bohemia ; Striegau, Silesia. In Nova Scotia, wine-yellow or llesh-red (the last the 
aeadiaUte ), eta; at Bergen Hill, N. J.; at Jones’s Falls, near Baltimore ( haydenite ). 

Seebachite {Bauer) from Richmond, Victoria, is, according to v. Rath, identical with 
phaeoiite ; and he suggests the same may be true of hebschelite, from Ad Costello, Sicily. 





H.=4-5. G.= 2-08-2*19. Lustre vitreous 
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GMELINITE. 


llhombohedral. R A R 
0*7254. Crystals usually 
hexagonal in aspect ; some- 
times habit rliombohedral ; 
i often horizontally stri- 
ated. Cleavage: i perfect. 
Observed only in crystals, 
and never as twins. 

II.=4*5. G.=2*04-2*17. 
Lustre vitreous. Colorless, 
yellowish-white, greenish- 
white, reddish-white flesh- 
red. Transparent to trans- 
lucent. Brittle. 


= 112° 20', OaR= O A-l = 140 3 3' ; i : 


645 646 



Comp. — Q ratio for R : ft : Si : H=1 : 8 : 8 : 6, R=Ca(Na.-,K a ), ft=Al. Formula (Ca,Na«) 
AlSi 4 0ia-l-6aq. Analysis by Howe, Bergen Hill, SiO a 48 07, A10 3 18*72, Fe0 3 0 10, CaO 
2*60, Na a O 9' 14, H a O 21 *35 = 100 *58 (Am. J. Sci., III., xii., 270, 1876). 

Pyr., etc. — In the closed tube crumbles, gives off much water. B. B. fuses easily to a white 
enamel. Decomposed by hydrochloric acid with gelatinization. 

Diff. — Closely resembles some chabazite, but differs decidedly in angle. 

Obs. — Occurs at Andreasberg; in Translyvania ; in Antrim, Ireland ; near Lame ; at Talisker 
in Skye; at Cape Blomidon and other localities in Nova Scotia {leclercritc ) ; in fine crystals of 
varied habit at the Bergen Hill tunnel of 1876. 


PHILLIPSITE.* 


Orthorhombic. 7a/= 91° 12' ; 1 A 1 = 121° 20', 120° 44', and 88° 40', 
Marignac. Faces 1 and i-l striated parallel to 
the edge between them. Simple crystals un- 047 

known. Commonly in cruciform crystals, consist- 
ing of two crossing crystals, each a twinned 
prism (f. 647). Crystals either isolated, or 
grouped in tufts or spheres that are radiated 
within and bristled with angles at surface. 

H. =4-4*5. G. = 2*201. Lustre vitreous. 

Color white, sometimes reddish. Streak un- 
colored. Translucent — opaque. 

Comp. — Q. ratio for R : ft : Si : H=1 : 3 : 8 : 4, R=Ca 
and Ki(Na a ) ; Ca : K a =3 : 1, 2 : 3, etc. Formula RAlSi 4 Oia 
-*-4aq. Analysis by Ettling, Nidda. Hessen, SiO a 48 13, 

A10 3 21*41, CaO 8*21, X a O 5 20, Na a O 0*70, H a O 16 78= 

100*48. 

Pyr., ©to. — B.B. crumbles and fuses at 3 to a white enamel 
Gelatinizes with hydrochloric acid. 

Diff. — Resembles harmotoine, but distinguished B.B. 

Obs. — At the Giant’s Causeway, Ireland ; at Capo di Bove, 
near Rome ; in Sicily ; Annerode, near Giessen ; in Silesia ; 

Bohemia ; on the west coast of Iceland. 

Streug (Jahrb. Min., 1876, 585) shows that the forms are 
exactly analogous to those of harmotome, and suggests that 
it may be also monoclinic. 
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HARMOTOMB. 


Monoclinic (DesCloizeaux). Cleavage : /, 0, easy. Simple crystals un- 
known. Occurring in penetra- 
648 649 tion-twins. Unknown massive. 



II. =4*5. G. = 2*44-2*45. 
Lustre vitreous. Color white ; 
passing into gray, yellow, red, 
or brown. Streak white. Sub* 
tran sparei 1 1 — t rai i si u cent. F rac- 
ture uneven, imperfectly con- 
choidal. Brittle. 

Oomp. — Q. ratio for R : ft : Si : H 
— 1 : 3 : 10 : 5; here R=Ba mostly, 
also K a ; ft=Al. Formula RAlSi 6 Oi« 


-f-5aq. If one -fifth of the water is 
chemically combined (Rammelsberg), then the formula corresponds to H.ftA18ir>0, B -f 4aq. 
Both formulas give Silica 45*91, alumina 15 70, bar>ta 20*06, potash 3*34, water 14 99 = 100. 
Pyr., etc. — B.B. whitens, then crumbles and fuses at 3*5 without intumescence to a white 


translucent glass. Some varieties phosphoresce when heated. Decomposed by hydrochloric 
acid without gelatinizing. 

Biff. — Characterized by its crystallization in twins ; the presence of barium separates it 
from other species. 

Obs. — Ilarmotome occurs in amygdaloid, phonolyte, trachyte; also on gneiss, and in some 
metalliferous veins. At Strontian in Scotland ; at Andreasberg ; at Rudelstadt in Silesia , 
Schiffenberg, near Giessen, etc. ; Oberstein ; in the gneiss of upper New York City. 

DesCloizeaux, who has shown the monoclinic character of the species by optical means, has 
adopted a different position for the crystals (l=i, etc.). 


STIIiBITE.* Desmine. 



/A 7 = 94° .10', 1 A 1, front, = 119° 1G', side, 114° O'. 
Cleavage : i-l perfect, i-i less so. Forms as in f. 050 ; 
more common with the prism flattened parallel to i-i 
or the cleavage-face, and pointed at the extremities. 
Twins: cruciform, twinning-plane. 1 -i, rare. Common 
in sheaf-like aggregations ; divergent or radiated ; some 
times globular and thin lamellar-columnar. 

II. = 3*5-4. G.= 2*094-2*205. Lustre of ?-£ pearly; 

of other faces vitreous. Color white; occasionally 
yellow, brown, or red, to brick-red. Streak uncolored. 
Transparent — translucent. Fracture uneven. Brittle. 



Var. — 1. Ordinary. Either (a) in crystals, flattened and pearly 
parallel to the plane of cleavage, or sheaf-like, or divergent groups ; 
or ( b ) in radiated stars or hemispheres, with the radiating individual* 
showing a pearly cleavage surface. ityharoHUibite^ Beud. is in sphere*, 
radiated within with a pearly fracture, rather soft externally. 


Comp. — Q. ratio for R : ft : Si : H=1 : 3 : 12 : 0 ; R=Ca(Na 9 ),ii=Al. Formula UAlSi e Oi* 
4-6aq. If two parts of water are basic (Ranira.) the ratio becomes (R=Ca,H 9 .Na.j) 3 : 3 : 13 
: 4, or R : Si=l : 2, and the formula is H<RAlSi«Oi 8 -4-4aq. Analysis, Petersen, Seisser Alp, 


Si0 9 55*61, AlO, 15 62, Ca0 7 33, Na a O 2*01, K.O 0*47, H a O 18*19=99*23. 

Pyr., etc. — B.B. exfoliates, swells up, curves into fan-like or vermicular forms, and fuse* 
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to a white enamel. F.=2-2*5. Decomposed by hydrochloric acid, without gelatinizing. The 
wphcrrostilbiU gelatinizes, but Heddle says this is owing to a mixture of mesolite with the stil- 
bite. 

Diff. — Prominent characters: occurrence in sheaf-like forms, and in the rectangular 
tabular crystals ; lustre on cleavage-face pearly ; does not gelatinize with acids. 

Obs. — Stilbite occurs mostly in cavities in amygdaloid. It is also found in some metal* 
liferous veins, and in granite and gneiss The Faroe Islands, Iceland, and the Isle of Skye ; 
in Dumbartonshire, Scotland ; at Androasberg ; Arendal in Norway ; in the Syliadree 
Mts., Bombay ; near Fahlun, in Sweden. In North America, at Bergen Ilill, New Jersey ; 
at the Michipicoten Islands, Lake Superior ; Nova Scotia, etc. 

The name at i lb it e is from orifyfy lustre; and (lex mine from a bundle. The species 

stilbite, as adopted by Haiiy, included Strahlzeolith Worn, (radiated zeolite, or the above), 
and Blatterzeolith Wern. (foliated zeolite, or the species heulandite beyond). The former wop 
the typical part of the species, and is the first mentioned in the description ; and the lattei 
he added to the species, as he observes, with much hesitation. In 1817, Breithaupt separated 
the two zeolites, and called the former desmiue and the latter cu zeolite, thus throwing aside 
entirely, contrary to rule and propriety, Huiiy’s name stilbite. which should have.* been accepted 
by him in place of desminc, it being the tj’pical part of his species In 1822, Brooke (ap- 
parently unaware of what Breithaupt had done) used stilbite for the iirst, and named the other 
heulandit *>. In this he has been followed by the French and English mineralogists, while the 
Germans have unfortunately followed Breithaupt. 

Epistilbtte (Reiisite ). — Composition like heulandite, but form orthorhombic. Iceland; 
Faroe; Poonah, India, etc. ; Bergen Hill, N. J. 

Foresite. — Resembles stilbite inform. Q.-tatio for R : R : Si : II— 1 : 0 : 12 : G. Formula 
RAlaSiflOio-fOaq. (R^Na* : Ca=l : 3). Occurs in crystalline crusts on tourmaline, in cavities 
In granite. Island of Elba. 


HEULANDITE. Stilbit, Germ. 


Go 1 


Monoclinic. C = 88° 35', /A / = 13(5° 4', O A 14 = 156° 45' ; c : b : d == 
1*065:2*4785:1. Cleavage: clinodiagonal ( i-l ) emi- 
nent. Also in globular forms; also granular. 

II.=3*5-4. G.=:2*2. Lustre of i-l strong pearly ; of 

other faces vitreous. Color various shades of white, 
passing into red, gray, and hrown. Streak white. 

Transparent — subtranslucent. F raeture subconchoidal, 
uneven. Brittle. Double refraction weak ; optic-axial 

E lane normal to i-l ; bisectrix positive, parallel to the 
orizontal diagonal of the base ; DesCl. 

Oomp. — Q. ratio for R : R : Si : H=1 : 3 : 12:5; R=rCa(Na v ). 

Formula CaAlSioO i« -t- 5 aq, or if 2H 0 be basic (Ramni.) then the 
ratio becomes 1:1:4 (R— Ca and H a ), and the lormula ILCaAlSio 
0 18 -l-3aq. Both require Silica oO'OG, alumina 10*83, lime 7*88, soda 
1*46, water 14*77=100. 

Pyr .— B.B. same as with stilbite. 

Diff. — Distinguished by its crystalline form. Pearly lustre of i-l a prominent character. 
Obs. — Heulandite occurs principally in amygdaloidal rocks. Also in gneiss, and occasionally 
in metalliferous veins. Occurs in Iceland ; the Faroe Islands ; the Vendayah Mountains, 
Hindostan. Also in the Kilpatrick Hills, near Glasgow; in the Fossa Valioy, Tyrol; An- 
dreasberg ; Nova Scotia, etc. ; at Bergen Hill, New Jersey ; on north shore of Lake Superior; 
at Jones's Falls, near Baltimore (Levy's beuumontite). 

For the relation of the synonymes see stilbit, above. 

BRKW8TERITE. — Q. ratio same as for heulandite, but R is here Ba or Sr (Ga). Formula 
requires SiOj 53*5, AlO* 15*3, BaO 7*0, SrO 10 2, H a O 13*4=100. Monoclinic. Strontian to 
Argyleshire, etc. 
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IIL Margarophyllitb Section. 

Bisilicates. 

The Margarophvllite8 are often foliated like the micas, and the name 
alludes to the pearly folia. Massive varieties are, however, the most com* 
mon with a large part of the species, and they often have the compactness 
of clay or wax. Talc, pyrophyllite, serpentine, are examples of species pre- 
senting both extremes of structure ; while pinite occurs, as thus iar known, 
only in the compact condition. The true Margarophyllites are below 5 in 
hardness; greasy to the feel, at least when finely powdered. 


TALC. 

Orthorhombic. I A 7= 120°. Occurs rarely in hexagonal prisms and 

1 nates. Cleavage: basal, eminent. Foliated massive, sometimes in globu- 
ar and stellated groups; also grammar massive, coarse or fine ; also com- 
pact or cryptocrystalline. 

II. =1-1*5. (x.=2*565-2*8. Lustre pearly. Color apple-green to white, 
or sil very- whi te ; also greenish-gray and dark green; sometimes bright 
green perpendicular to cleavage surface, and brown and less translucent at 
right angles to this direction ; brownish to blackish-green and reddish when 
impure. Streak usually white ; of dark green varieties, lighter than the 
color. Subtransparent — subtranslucent. Sectile. Thin laminse flexible, 
but not elastic. Feel greasy. Optic-axial plane i-l; bisectrix negative, nor- 
mal to the base ; DesOl. 

Var. — Foliated , Tale i. Consists of folia, usually easily separated, having a greasy feel, and 
presenting ordinarily light green, greenish -white, and white colors. G. =2 ■55-2*78. (a) 

Massive* Steatite or Soapstone (Speckstein, Germ. ). Coarse granular, gray, grayish-green, and 
brownish-gray in colors. H. =1-2 *5. ( b ) Fine granular or cryptocrystalline, and soft enough 

to be used as chalk, as the French chalk (Crate de Bruuipm), which is milk-white, with a 
pearly lustre. 

Comp. — Q. ratio for Mg : Si=2 : 5, or 3 : 4, with a varying amount of water in both talc and 
steatite, from a fraction of a per cent, to 7 p c. If the water is basic, the ratio becomes for 
R : Si=l : 2, (R=Mg(Fe)and H a ), and the formula is HaMgsSiiOj-j (Ramm.) = Silica 63*49, 
magnesia 31*75, water 4*76 = 100 ; the atalyses show generally 1 or 2 p. c. of. FeO. 

Fyr., etc. — In the closed tube B.B., when intensely ignited, most varieties yield water. In 
the platinum forceps whitens, exfoliates, and fuses with difficulty on the thin edges to a white 
enamel Moistened with cobalt solution, assumes on ignition a pale red color. Not decom- 
posed by acids. 

Diff. — Recognized by its extreme softness, unctuous feel, and usually foliated structure. 
Inelastic though flexible. Yields water only on intense ignition. 

Obs. — Talc or steatite is a very common mineral, and in the latter form constitutes exten- 
sive beds in some regions. It is often associated with serpentine and dolomite, and frequently 
contains crystals of dolomite, breunerite, asbestus, actinolite, tourmaline, magnetite. Steatite 
iBthe material of many pseudomorphs, among which the most common are those after pyroxene, 
hornblende, mica, scapolite, and spinel. The magnesian minerals are those which commonly 
afford steatite by alteration ; while those, like scapolite and nephelite, which contain soda and 
no magnesia, most frequently change to pinite-like pseudomorphs. lienmluerite and 
vyraUoUte are pseudomorphons varieties. 

Apple-green talc occurs near Salzburg; in the Valais ; also in Cornwall, near Lizard Point, 
with serpentine ; in Scotland, with serpentine, at Portsoy and elsewhere ; etc. In N. 
America, some localities are: Vermont , at Bridgewater; Grafton, eta In New Hampshire , 
at Pelham, etc. In It Island , at Smithfield. In N. York , near Amity. In Penn, , at Texas; 
at Chestnut Hill, on the Schuylkill In Maryland , at Cooptown. 
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FYROFHYltLITX]. Agalmatolite or Pagodite pt. 

Orthorhombic. Not observed in distinct crystals. Cleavage: basal 
eminent. Foliated, radiated lamellar; also granular, to compact or crypto- 
crystalline ; the latter sometimes slaty. 

H. = l-2. G.= 2*75-2*92. Lustre" of folia pearly, like that of talc; of 
massive kinds dull or glistening. Color white, apple-green, grayish and 
brownish-green, yellowish to ochre-yellow, grayish- white. Subtransparent 
to opaque. Laminae flexible, not elastic. Feel greasy. Optic-axial angle 
large (about 108°) ; bisectrix negative, normal to the cleavage-plane. 

Var. — (1) Foliated, and often radiated, closely resembling 1 talc in color, feel, lustre, and 
structure. (2) Compact, massive, white, grayish, and greenish, somewhat resembling com- 
pact steatite, or French chalk. This compact variety, as Brush has shown, includes part of 
what has gone under the name of agalmatolite, from China ; it is used for slate- pencils, and 
is sometimes oalled pencil-stone. 

Comp. — Q. ratio for A:1 : Si=l : 2, also in other cases 8 : 8, Formula for the first oase= 
AlSiaOa+aq (Ramm.). Analysis, Chesterfield, S. C., by Genth, SiO a 04*82, AlO* 28*48, FeO» 
0*96, MgO 0*83, CaO 0*55, H a O 5 *25= 100*39. 

Pyr., ©to. — Yields water. B.B. whitens, and fuses with difficulty on the edges. The 
radiated varieties exfoliate in fan-like forms, swelling up to many times the original volume 
of the assay. Heated with cobalt solution gives a deep blue color (alumina). Partially decom- 
posed by sulphuric acid, and completely on fusion with alkaline carbonates. 

Obs. — Compact pyropbyllite is the material or base of some schistose rocks. The foliated 
variety is often the gangue of cyanite. Occurs in the Urals ; at Wostaua, Sweden -near Ottrea 
in Luxembourg ; in Chesterfield Dist., S. C. ; in Linooln Co., Ga. ; in Arkansas. The oompaot 
pyrophyUite of Deep River, N. C. , is extensively used for making slate pencils, 

PiHLlTE (( cymatolite ), near pyrophyUite. 


SBPIOUTE.* Meerschaum, Germ. L’Ecume de Mer, Fr. 

Compact, with a smooth feel, and flue earthy texture, or clay-like. 
H.=2-2*5. Impressible by the nail. In dry masses floats on water. 
Color grayish-white, white, or with a faint yellowish or reddish tinge. 
Opaque. 

Comp. — Q. ratio for R : Si : H— 1 : 8 : 1, corresponding to Mg a Si 8 O 0 + 2aq : or, if half the 
water is basic, 1:2: i=H a MgaSi 0 O B + aq= Silica 00*8, magnesia 271, water 12*1=100. The 
amount of water present is somewhat uncertain. 

Pyr., eto.— In the closed tube yields first hygroscopic moisture, and at a higher temperature 
gives much water and a burnt smell. B. B. some varieties blacken, then burn white, and fuse 
with difficulty on the thin edges. With cobalt solution a pink color on ignition. Decomposed 
by hydrochloric acid with gelatinization. 

Obs. — Occurs in Asia Minor, in masses in stratified earthy or alluvial deposits at the plains 
of Eskihi-sher ; also found in Greece ; at Hrubsohitz in Moravia ; in Morocco ; at Vallecas in 
Spain, in extensive beds. 

The word meerschaum is German for sea-frothy and aUudes to its lightness and color. Sepio- 
Ute, Glocker, is from orjma y cuttle-fishy the bone of which is light and porous, and also a pro- 
duction of the sea. 

Aphrodite. — 4MgSiO 0 +3aq. Resembles sepiolite. Longban, Sweden. 

Smectite. — Fuller’s earth pt. A greenish clay from Styria. 

Montmorillonite. — A roee-red clay containing more alumina than smectite, from Mont* 
morillon, France. 

Celadonite. — A variety of “ green earth’ 1 from Mt. Baldo, near Verona. 

Glauconite. — Green earth pt. A hydrous siUoate of iron and potassium, but always 
Impure. Constitutes the green sand of the chalk and other formations [e.g.* in New Jersey). 

Stilpnomelank. — In foliated plates, or as a velvety ooating. Essentially a hydrous 
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(P«) silicate. Color black to yellowish-bronze. Silesia; Weilburg ; Nassau; Sterling iron 
mine; Antwerp, N. Y. ( chaloodite ). 

Chloropal. — Compact, earthy. Color greenish -yellow. A hydrated iron silicate. Formula 
FeSia0 9l +5aq. Andreasberg; Steinberg' near Gottingen ; Nontron {nontronite)^ France, efco. 
Abrlkite, — Perhaps related to chloropal (Lasaukc). Color blue. Spain. 


Unisilicates, 


Serpentine Group . 

SERPENTINE.* 

Orthorhombic (?). In distinct crystals, but only as pseudomorphs. Some- 
times foliated, folia rarely separable ; also delicately fibrous, the fibres often 
easily separable, and either flexible or brittle. Usually massive, fine granu- 
lar to impalpable or cryptocrystalline ; also slaty. 

H.= 2*5-4, rarely 5*5. G.=2*5-2'65 ; some fibrous varieties 2 *2-2*3 ; 

retinalite, 2*36-2*55. Lustre subresinous to greasy, pearly, earthy ; resin- 
like, or wax-like ; usually feeble. Color leek-green, blackish-green, oil 
and siskin-green, brownish-red, brownish-yellow; none bright; sometimes 
nearly white. On exposure, often becoming yellowish-gray. Streak white, 
slightly shilling. Translucent — opaque. Feel smooth, sometimes greasy. 
Fracture conehoidal or splintery. 

Var. — Many unsustained species have been made out of serpentine, differing in structure 
(massive, slaty, foliated, fibrous), or, as supposed, in chemical composition. 

Massive. (1) Ordinary massive. ( a ) Precious or Noble Serpentine (Edler Serpen tin, Oerm.) 
is of a rich oil -green color, of pale or dark shades, and translucent even when in thick pieces ; 
and (6) Common Serpentine , when of dark Bbades of color, and subtranslucent. The former 
has a hardness of 2 5-3; the latter often of 4 or beyond, owing to impurities. BoweniU 
(Smithfield, E. I.), is a jade-like variety with the hardness 5*5. 

Foliated. Marmolite is thin foliated; the lamina brittle but easily separable, yet gradu- 
ating into a variety in which they are not separable. G. =2*41 ; lustre pearly ; colors green- 
ish-white, bluish- white, or pale asparagus-green. From Hoboken, N. J. 

Fibrous. ChrysotUe is delicately fibrous, the fibres usually flexible and easily separating ; 
lustre silky, or silky metallic ; color greenish-white, green, olive-green, yellow, and brownish ; 
G. =2*2 IP. Often constitutes seams in serpentine. It includes most of the silky amianthus 
of serpentine rooks. The original chrysotile was from Reichenstein. 

Any serpentine rock cut into slabs and polished is called s&ipentine marble. 

Comp. — Q. ratio for Mg : Si : H*=8 : 4 : 2, corresponding to Mg s Si 8 0 7 4 - 2a q= Silica 43*48, 
magnesia 43*48, water 13*04. But as chrysolite is especially liable to the change to serpen- 
tine, and chrysolite is a unmUcate , and the change consists in a loss of some Mg, and the 
addition of water, it is probable that part of the water takes the place of the lost Mg, so that 
the mineral is essentially a hydrated chrysolite of the formula H 2 Mg s Si 2 08-f aq. The rela- 
tion in ratio to kaolinite and pinite corresponds with this view of the formula. 

Pyr., etc. — In the closed tube yields water. B B fuses on the edges with difficulty. F. = 
6. Gives usually an iron reaction. Decomposed by hydrochloric and sulphuric acids. Chry- 
sotile leaves the silica in fine fibres. 

Difif. — Distinguishing characters : compact structure ; softness, being easily cut with a 
knife ; low specific gravity ; and resinous lustre. ‘ 

Obs. — Serpentine often constitutes mountain masses. It frequently occurs mixed with 
more or less of dolomite, magnesite, or calcite, making a rock of clouded green, sometimes 
veined with white or pale green, called verd antique, or ophioUte. It results from the altera- 
tion of other rocks, frequently chrysolite rocks. Crystals of serpentine (psendomorphous)* 
occur in the Fosse valley) Tyrol ; near Miask ; Katharinenberg, and elsewhere ; in Norway, 
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at bnarum, eta Precious serpentines come from Sweden; the Isle of Man; Corsica; 
Siberia ; Saxony, etc. In N. America, in Vermont, at New Fane ; Roxbury, etc. In Mass,, 
at Newburyport and elsewhere. In Conn, , near New Haven and Milford, at the verd-antique 
quarries. In N. York , at Brewster, Putnam Co. ;' at Antwerp, Jefferson Co. ; in Gouver* 
near, St. Lawrence Co. ; in Orange Co. ; Richmond Co. In 2\T. Jersey, at Hoboken. In 
Penn., at Texas, Lancaster Co. ; also in Chester Co. ; in Delaware Co. In Maryland, at 
Bare Hills ; at Cooptown, Harford Co. 

The following are varieties of serpentine : retinaUte , Grenville, C. W. ; vorhauterite , Tyrol ; 
porcellophite ; bowenite , Smithfield, R. I. ; antigorite , Piedmont ; wi’Mamxite , Texas, Pa. ; 
ma/rmolite, Hoboken ; picrolite ; metaxite ; refdamkite (containing Ni) ; aquaereptite . 

Bastite or Schiller Spar. — An impure serpentine, a result of the alteration of a foliated 
pyroxene. Baste ; Todtmoos in the Schwarzwald. Antillite is similar. 

Deweylite ( Gymnite ). — H4Mg4Si 3 0ia + 4nq. Occurs with serpentine at Middlefield and 
Texas, Penn. Hydrophite (. Jenkinsite ), near deweylite, but Mg replaced in part by Fe. 

Ckrolite.— HaMgaSiaOr+aq. Silesia. Limbachite from Limbach, and ZoblitzitM 
from Zoblitz, are varieties of cerolite. 


GENTHITE. Nickel-Gymnite. 

Amorphous, with a delicately hemispherical or stalactitic surface, in 
crusting. 

H.=3-4; sometimes (as at Michipicoten) so soft as to he polished 
under the nail, and fall to pieces in water. Q.= 2*409. Lustre resinous. 
Color pale apple-green, or yellowish. Streak greenish-white. Opaque to 
translucent. 

Comp. — Q. ratio for R : Si : H=2 : 3 : 3, or the same as for deweylite ; formula n.(Ni, 
Mg^SiaOia, being a nickel-gymnite. Analysis: Genth, Texas, Pa., SiOj 35*30, NiO 30*04, 
FeO 0 24, MgO 14*60, CaO 0 20, H,0 10 09 = 100*19. 

Pyr., etc In the closed tube blackens and gives off water. B.B. infusible. With borax 

in O.F. gives a violet bead, becoming gray in R.F. (Nickel). Decomposed by hydrochloric 
acid without gelatinizing. 

Obs. — From Texas, Lancaster Co , Pa. , in thin crusts on chromic iron ; from Webster, 
Jackson Co., N. C.; on Michipicoten Id., Lake Superior. 

Altpite and Pimelite, an apple-green silicates containing some nickel. Garnierith 
and Noumeite, from New Caledonia are similar, aud have been shown by Liversidge to be 
mixtures. 


Kaolinite Group . 

KAOLINITE. 

Orthorhombic. 1 A /= 120°. In rhombic, rhomboidal, or hexagonal 
scales or plates ; sometimes in fan-shaped aggregations ; usually constitut- 
ing a clay-like mass, either compact, friable, or mealy ; base of crystals 
lined, arising from the edges of superimposed plates. Cleavage : basal, 
perfect. Twins: the hexagonal plates made up of six sectors. 

H.=l-2-5. G.=2*4-2’63. Lustre of plates pearly ; of mass, pearly to 
dull earthy. Color white, grayish- white, yellowish, sometimes brownish, 
bluish, or reddish. Scales transparent to translucent. Scales flexible, 
inelastic; usually unctuous and plastic. 

Var. — 1. ArgilUform. Soft, clay-like ; ordinary kaolinite ; under the microscope, if not 
without, showing that it is made up largely of pearly soales. The constituent of most, if not 
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all, pure kaolin. 2. Fwriniform. Mealy, hardly coherent, consisting of pearly angular 
scales. 8. Indurated; Lithomarge (Steinmark, Germ.). Firm and compact; H.=2-2*5. 
When pulverized, often shows a scaly texture. 

Oomp. — Q. ratio for ft : Si : H=8 : 4 : 2 ; formula AlS^Ot-f 2aq, or making part of tha 
water basic, HaAlSiaOg-f aq= Silica 46 *4, alumina 39 7, water 18*9=100. 

Fyr., etc. — Yields water. B.B. infusible. Gives a blue color with cobalt solution. Insol* 
uble in acids. 

X)i£r- Characterized by its unctuous, soapy feel ; alumina reaction B B. 

Obs. — Ordinary kaolin is a result of the decomposition of aluminous minerals, especially 
the feldspars of granitic and gneissoid rocks and porphyries. In some regions where these 
rocks have decomposed on a large scale, the resulting clay remains in vast beds of kaolin , 
usually more or less mixed with free quartz, and sometimes with oxide of iron from some of 
the other minerals present. 

Occurs at Caohe-Apr4s in Belgium ; also in Bohemia ; in Saxony. At Yrieix, near Limoges, 
is the best locality of kaolin in Europe, it affords material for the famous Sevres porcelain 
manufactory. 

In the U. States, kaolin occurs at Newcastle and Wilmington, Del.; at various localities in 
the limonite region of Vermont (at Branford, etc.) ; Massachusetts ; Pennsylvania; Jackson- 
ville, Ala.; Edgefield, S. C.; near Augusta, Ga. 

Pholeiute, Hallo ybite, clays allied to kaolinite. 

Saponite.— A soft magnesian silicate ; occurs in cavities in trap. 


Pinite Group. 


FINITE. 

Amorphous ; granular to cryptocrystalline ; usually the latter. Also in 
crystals, and sometimes with cleavage, but only because pseudomorphs, the 
form and cleavage being those of the minerals from which derived. Rarely 
a submicaceous cleavage, which may belong to the species. 

H.=2*5-3’5. Lustre feeble, waxy. Color grayish-white, 

grayish-green, pea-green, dull green, brownish, reddish. Translucent — 
opaque. Acts like a gum on polarized light ; DesCl. 

Oomp., Var. — Pinite is essentially a hydrous alkaline silicate. Being a result of alteration, 
and amorphous, the mineral varies much in composition, and numerous species have been 
made of the mineral in its various conditiona The varieties of pinite here admitted agree 
closely in physioal characters, and in the amount of potash and water present. Average com- 
position : Silica 46, alumina 80, potash 10, water 6 ; formula (Ramm.) H 6 KaAl 2 Sifi0 3 o. The 
mineral is related chemically, as it is also physically, to serpentine ; and it is an alkali- alumina 
serpentine, as pyrophyllite is an alumina talc. 

The different kinds are either pseudomorphous crystals after (l> iolite ; <2) nephelite ; (8) 
soapolite ; (4) some kind of feldspar ; (5) spodumene ; or (6) other aluminous mineral ; or (7) 
disseminated masses resembling indurated talc, steatite, lithomarge, or kaolinite, also a result 
of alteration ; or (8) the prominent or sole constituent of a metamorphie rock, which is some- 
times a pinite schist (analogous to, and often much resembling, talcose schist , and still more 
closely related to pgrophytlite soJart). Some prominent varieties are ; 

Pinite. Speckstein [fr. the Pini mine at Aue, near Sohneebergj. Occurs in granite, and 
is supposed to be pseudomorphous after iolite. 

Giesbokitk. In 6-sided prisms, probably pseudomorphous after nephelite. IT=3 5. 
G. =2 78-2*85. Color grayish-green, olive-green, to brownish. Brought by (iieseckd from 
Greenland. Also of similar characters from Diana, N. Y. 

Acalmatolite. Like ordinary massive pinite in its amorphous compact texture, lustre, 
and other physical characters, but contains more silica, so as to afford the formula of a bisili- 
cate, or nearly, and it may be a distinct species. Agalmato/ite was named from wyaAfto, an 
image, and pagodito from pagoda } the Chinese carving the soft stone into miniature pagodas 
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Images, etc. Part of the so-called agalmatolite of China is true pinite in composition, anothei 
part is compact pyrophyllite (p. 849), and still another steatite (p. 848). 

Other minerals belonging in or near the pinite group are : dymfntribite (=gieseokite) ; 
parophite; wilsoniU ; polyargite ; rmite ; killinite ; giganto'itc ; hygrophUite ; gUmbeliU ; 
rcstoimdite. Also cataspilite ; biharite ; palagonite. 


ITydro-mica Group. 

FAHLUNITE. 

In six- or twelve-sided prisms, but derived from pseudomorphism aitcr 
iolite. Cleavage: basal sometimes perfect. 

n.=3*5-5. G.=2*6-2*8. Lustre of surface of basal cleavage pearly to 

waxy, glimmering. Color grayish-green, to greenish-brown, olive- or oil- 
green ; sometimes blackish-green to black ; streak colorless. 

Var. — This species is a result of alteration, and considerable variation in the results of 
analyses should be expected. The crystalline form is that of the original iolite, while the 
basal cleavage when distinct is that of the new species fahlunite. 

Oomp. — Q ratio for It : ft : Si : H=1 : 3 : 5 : 1 ; whence the formula HJtaRtiSioOjo, the 
water being considered as basic, and as entering to make up the deficiency of bases in the 
unisilicate. In some kinds, the same with the addition Of HjO. The Q. ratio of iolite, the 
original of the species, is 1:3:5. Analysis by Wachtmeister, from Fahlnn, SiOa 44*60, 
AlO* 3010, FeO 3 80, MnO 2 24, MgO 0 75, CaO 1*35, K*0 1 98, H a O 9 35, F tr=100*23. 

Fyr., etc. — Yields water. B.B. fuses to a white blebby glass. Not acted upon by acids. 
Pyrargillite is difficultly fusible, but is completely decomposed by hydrochloric acid. 

Obs. — Fahlunite (and tridasite) from Fahlun, Sweden. The following are Identical, or 
nearly so : Kemarkite and praseolite , Brevig ; raumite , Raumo, Finland ; cJdorophyUite> Unity, 
Me. ; pyrargillite , Helsingfors ; polychroilite , Krageroe, and aspaMite , Norway ; huronito. 
Lake Huron ( Weimte, Fahlun). 


MARGARODITE. 

Like muscovite or common mica in crystallization, and in optical and 
other physical characters, except usually a more pearly lustre, and the color 
more commonly whitish or silvery. 

Oomp. — Q. ratio for R : ft : Si : H mostly 1 : 6 : 9 : 2 ; whence the formula H„R a Al 4 Si tt O # e, 
the water being basic. Sometimes Q. ratio 1 : 9 : 12 : 2 ; but this division belongs with 
damonrite, if the two are distinguishable. This species appears to be often, if not always, a 
result of the hydration of muscovite, there being all shades of gradation between it and that 
species. Muscovite has the Q. ratio for bases and silicon of 4 : 5, or nearly. Analysis, Smith 
and Brush, Litchfield, Ct., SiO a 44 00, A1 3 0 3 30*23,Fe a O 3 l *34, MgO 0 37, CaO 0*50, Na a O 4-10, 
K 3 0 0 20, H a O 5*26, F tr. -100*60. 

For pyrognoetics and localities, see musoovite, p. 313. 

Gilbkrtite. — E ssentially identical with margarodite ; tin mines, Saxony. 


DAMOURITE. 

An aggregate of fine scales, mica-like in structure. 

H.=2-3. G.= 2*792. Lustre pearly. Color yellow or yellowish- white 

Optic-axial divergence 10 to 12 degrees ; for sterlingite 70°. 

Oomp. — A hydrous potash-mica, like margarodite, to which tt is closely related. Q. ratio 

23 
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for R : II : Si : H=1 : 9 : 12 : 2, or 1 : 1 for bases to silicon, if tbe water is basic. Formula 
HiKaAljSiaO-M. Analysis, Monroe, from Sterling, Mass, (sterlingite) , SiO a 43*87, AlO, 36*45. 
FeO, 8*36, K a O 10 86, H a O 5 19=99*73. 

It is the gangue of cyanite at Pontivy in Brittany; and the game at Horrsjoberg, Worm- 
land. Associated with corundum in North Carolina; with spodumene, at Sterling, Mass. 


P ARAGONITE. Pregrattite. Cossaite. 

Massive, sometimes consisting distinctly of fine scales ; the rock slaty oi 
schistose. Cleavage of scales in one direction eminent, mica-like. 

H.=2*5-3. GL=2*779, paragonite; 2 895, pregrattite, (El lacher. Lustre 
strong pearly. Color yellowish, grayish, grayish-white, greenish, light apple- 
green. Translucent ; single scales transparent. 

i 

Comp. — A hydrous sodium mica. Q. ratio for R : ft : Si : H=1 : 9 : 12 : 2, or 1 : 1 for 
bases and silicon, if the water be made basic. Formula H 4 Na 2 Al 3 SioO a 4 (K : Na=l : 6)= 
Silica 46 *60, alumina 39*96, soda 6 90, potash 1 74, water 4*80=100. 

•Pyr.-B .B. the paragonite is stated to be infusible. The pregrattite exfoliates somewhat 
like vermiculite (a property of some clinochlore and other species), and becomes milk-white 
on the edges. 

Obs. — Paragonite constitutes the mass of the rock at Monte Campione, in the region of 
St. Gothard, containing cyanite and staurolite, called paragonitic or talcose schist. The 
•pregrattite is from Pregratten in the Pusterthal, Tyrol ; cossaite, from mines of Borgofranco, 
near Ivrea. 

IviGTITE. — Occurs in yellow scales, also granular, with cryolite from Greenland. 

Eupiiylltth. — Associated with tourmaline and corundum at Unionville, Penn. Q. ratio 
for R : -R : Si : H=1 : 8 : 9 : 2. Average composition, Silica 41*6, alumina 42*3, lime 1*5, 
potash 8 *2, soda 5*9, water 5*o=100. 

Epiiestte, Lesleyite. — Hydro- micas, perhaps identical with damourite. Occur with 
corundum, and impure from admixture with it. 

(Ellaciieiiite. — A hydro-mica, containing 5 p. c. baryta. Pfitschthal, Tyrol. 

Cookeite. — A hydrous lithium mica. From Hebron and Paris, Me., apparently a pro- 
duct of the alteration of rubellite. 


mSINGERITB. 

Amorphous, compact, without cleavage. 

H.=3. G.=3*045. Lustre greasy, inclining to vitreous. Color black 
to brownish-black. Streak yellowish-brown. Fracture conckoidal. 

Gomp. — Q. ratio for R+R : Si : H=2 : 3 : 3 ; formula R«R 3 Si,Oi8+4aq (with one-third 
of the water basic). R=Fe,H a ; R=Fe. Analysis, Cleve, from Solberg, Norway, SiO a 35*33, 
FeO, 82-14, FeO 7-08, MgO 3*60, H a O 22 04=100-19. 

Ryr., etc. — Yields much water. B.B. fuses with difficulty to a black magnetic slag. With 
the fluxes gives reaction^ for iron. In hydrochloric acid easily decomposed without gelatin- 
ising. 

Obs.— Found at Longban, Tunaberg, Sweden ; Riddarhyttan ; at Degerft ( degerdite) 1 near 
Helsingfors, Finland. 

Ekmannite. — Foliated, also radiated. Color green, resembles chlorite. Analysis, Igel- 
otrom, SiO, 34*30, FeO, 4*97, FeO 85*78, MnO 11*45, MgO 2*99, H a O 10*51=100. With 
magnetite at Grythyttan, Sweden. 

Neotocite. — Uncertain alteration-products of rhodonite; amorphous. Contains 20-80 
p. c. MnO. Paisberg, near Filipstadt, Sweden; Finland, -etc. 

Gillingjte ; Sweden. Jollyte ; Bodenmais, Bavaria. 
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Venniculite Group .* 

The yermiculitks have a micaceous structure. They are all unisilicates, 
having the general quanti valent ratio R + R : Si : 11=2 : 2 : 1, the water 
being solely water of crystallization. The varieties differ in the ratio 
of the bases present in the protoxide and sesquioxide states.* 


JEFFERISITE. 

Orthorhombic (?). In broad crystals or crystalline plates. Cleavage: basal 
eminent, affording easily very thin folia, like mica. Surface of plates often 
triangularly marked, by the crossing of lines at angles of 60° and 120°. 

II. — 1*5. (t. = 2*30. Lustre pearly on cleavage surface. Color dark 

vello\\;ish-brown and brownish-yellow; light yellow by transmitted light. 
Transparent only in verv thin folia. Flexible, almost brittle. Optically 
biaxial ; DesCl. ^ 


Comp. — Q. ratio for R : ft : Si : H— 2 : 3 : 5 : 2£, and R -i-R : Si : H=2 : 2 : 1 ; whence 
R<RjSi B 0..o+«5aq. Analysis: Brush, Westchester, SiOj 87*10, AlO, 17*57, FeO, 10*54, FeO 
1*20, MgO 19*65, CaO 0 56, Na.O tr., K,0 0*48, H v O 13*76=100*87. 

Fyr., etc.— When heated to 800 ’ C. exfoliates very remarkably (like vermiculite) ; B.B. in 
forceps after exfoliation becomes pearly-white and opaque, and ultimately fuses to a dare 
gray mass. With the fluxes reactions for silica and iron. Decomposed by hydrochloric acid. 

Obs. — Occurs in veins in serpentine at Westchester, Pa. Plates often several inches across. 

Pyrosclerite. Q. ratio for R : R : Si : II— 4 : 2 : 6 : 8. and for R-bffc : Si : II - 2 : 2 : 1. 
Silica 88*9, alumina 14*8, magnesia 84 0, water 11*7 — 100. Color green. Elba. ClIONICRlTE, 
also Elba, has the ratio 8 : 2 : 5 : 2. 

Vermiculite.— Q. ratio for R : R : Si : H= 4 : 2 : 6 : 8. Milbury, Mass. Cijlragektte. 
Q. ratio R : R : Si : H = 2 : 1 : 1 : 1. Jenk’s mine. N. C. IIallite, same ratio— 2 : 1 : 8 : 2. 
East Nottingham, Chester Co., Penn. Peliiamite, same ratio=6 : 4 : 10 : 5. Pelham, 
Mass. Similar mineral from Lenni, Delaware Co., Pa., above ratio=6 : 4 : 10 : 5. In all of 
the above R=Mg mostly, and R=A1 and Fe. 

Kerrite. — Q. ratio =6 : 8 : 10 : 10 ; and Maconite, Q. ratio=3 : 6 : 8 : 5, are both from 
Culsagee mine, Macon Co., N. C. Vaalite, Q. ratio = 6 : 3 : 10 : 4. South Africa. 

Diabantite, Ilawex (diabantaehronuyn, Licbt ). — Fills cavities in amygdaloidal trap. 
Color dark green. Q. ratio for R : R : Si : 11=4 : 2 : 6 : 8, but iron a more prominent ingre- 
dient than in pyrosclerite (see above). Analysis : Hawes, Farmington, Cfc., * SiOj 33*68, AlO, 
10*84, FeO, 2-86, FeO 24*33, MnO 0 38, CaO 0*73, MgO 16*52, Na a O 0*33, H a O 10*02=99*69. 


Subsilicates. 


Chlorite Group. 

PENNINTTE. Kammererite. 

Rhomboliedral. R A R = 65° 36', 0 A R = 103° 55 ; c = 3-4951. 
Cleavage; basal, highly perfect. Crystals often tabular, and in crested 
groups. Also massive, consisting of an aggregation of scales ; also com- 
pact cryptocrystalline. 


* These relations were brought out by Cooke. Proc. Amer, Acad., Boston, 187 L 85; 
Ibid., 1875, 453. 
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H. = 2-2*5 ; 3, at times, on edges. G.=2*6-2*85. Lustre of cleavage 

surface pearly ; of lateral plates 
viti eous, and sometimes brilliant. 
Color green, apple-green, grass- 
green, grayish-green, olive-green; 
also reddish, violet, rose-red, 
pink, grayish-red ; occasionally 
yellowish and silver- white; violet 
crystals, and sometimes the 
green, hyacinth-red by trans- 
mitted light along the vertical 
axis. Transparent to subtranslncent. Lamime flexible, not elastic. Double 
refraction feeble; axis either negative or positive, and sometimes positive 
and negative in different laminae of the same plate or crystal. 



Comp. — Q. ratio for bases and silicon 4:8, but varying from 4 : 3 to 5 : 4. Exact deduc- 
tions from the analyses cannot be made until the state of oxidation of the iron in all cases is 
ascertained. Analysis: Schweizer, from Zermatt, Si0 2 33*07, A10 3 9*69, FeO 11*36, MgO 
82 34, HjO 12*58=99 *08. 

Pyr., etc. — In the closed tube yields water. B.B. exfoliates somewhat and is difficultly 
fusible. With the fluxes all varieties give reactions for iron, and many varieties react for 
chromium. Partially decomposed by acids. 

Obs. — Occurs with serpentine in the region of Zermatt, Valais, near Mt. Rosa ; at Ala, 
Piedmont ; at Schwarzenstein in the Tyrol ; at Taberg in Wermland ; at Snarum. Karri - 
met'erite is found near Miask in the Urals; at Haroldswick in Unst, Shetland Isles. Abun- 
dant at Texas, Lancaster Oo., Pa., along with clinochlore, some crystals being imbedded in 
clinochlore, or the reverse. 

The following names belong here : tabergitt ; psrvdopbite, compact, massive ( aUophite } ; 
loganite. 

Ddcssite, euralite , aphrosideritc , chlorophaite are chloritic minerals, occurring under simi- 
lar conditions, in amygdaloid, etc 


RIPIDOLITE. Clinochlore. Klinochlor, Germ. 


Monoclinic. 6 y = 
654 
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7=125° 37', O A 4-i = 108° 
14' ; c : b : d = L4775G : 
1*73195 : 1. Cleavage : O 
eminent ; crystals often tab- 
ular, also oblong ; frequent- 
ly rhombohedral in aspect, 
the plane angles of the 
base being 60° and 120°. 
Twins: twinning-plane 3 , 
making stellate groups, as in 
f. 056, 657, very common. 
Crystals often grouped in 
rosettes. Massive coarse scaly 
granular to fine granular ana 
earthy. 

II. =2-2*5. G.=2*65-2*78. 


Lustre of cleavage-face somewhat pearly. Color deep grass-green to olive- 
green ; also rose-red. Often strongly dichroie. Streak greenish-white to 
uncolored. Transparent to translucent. Flexible and somewhat elastic. 
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Oomp. — Q. ratio for R : ft : Si : H=5 : 8 : 6 : 4 ; corresponding to Mg»AlSij,Ou4*4aqs» 
Silica 32*5, alumina 18*3, magnesia 30*0, 
water 12*9=100. Sometimes part of the Mg 
is replaced by Fe. 

Fyr., etc.— Yields water. B.B. in the 
platinum forceps whitens and fuses with 
difficulty on the edges to a grayish-black 
glass. With borax a clear glass colored by 
iron, and sometimes chromium. In sul- 
phuric acid wholly decomposed. The variety 
from Willimantic, Ct., exfoliates in worm- 
like forms, like vermiculite. 

Obs. — Occurs in connection with chloritio 
and talcose rocks or schist, and serpentine. 

Found at Achmatovsk ; Schwarzenstein ; 

Zillerthal, etc. ; red (kotuchubeite) in the dis- 
trict of Ufoleisk, Southern Ural; at Ala, Piedmont; at Zennatt ; at Marienberg, Saxony. 
In the U. S., at Westchester and Unionville, nnd Texas, Pa. ; Brewster, N. Y. 

Named ripidolite from fwrtc, a fan, in allusion to a common mode of grouping of the crys- 
tals. 

Leuciitenbergite. — A prochlorite with the protoxide base almost wholly magnesia. 
Slatoust, Urals. 



i f 
Westchester. 


PROCHLORITE!. 

Hexagonal (?). Cleavage: basal, eminent. Crystals often implanted by 
their sides, and in divergent groups, fan-shaped, or 
spheroidal. Also in large folia. Massive granular. 

II. ==1-2. G. = 2’78-2’96. Translucent to opaque ; 
transparent only in very thin folia. Lustre of 
cleavage surface feebly pearly. Color green, 
grass-green, olive-green, blackish-green; across the 
axis by transmitted light sometimes red. Streak 
uncolored or greenish. Laminae flexible, not elastic. 

Double refraction very weak; one optical negative 
axis (Dauphinv); or two very slightly diverging, apparently normal to 
plane of cleavage. 

Comp. — Q. ratio for R : ft : Si : H=12 : 9 : 14 : fty ; for bases and silicon 3 : 2. Average 
composition = Silica 20*8, alumina 19 7, iron protoxide 27*5, magnesia 15*3, water 10*7=100. 

Fyr., etc. — Same as for ripidolite. 

Obs.— Like other chlorites in mode of occurrence. Sometimes in implanted crystals, os at 
St Gothard, etc. ; in the Zillerthal, Tyrol ; Traversella in Piedmont ; in Styria, Bohemia. 
Also massive in Cornwall, in tin veins (where it is called peach ) ; at Arendal in Norway. 

Cbonstkdtite. — Q. ratio R : ft : Si : H=3 : 3 : 4 : 3. Przibram; Cornwall. 

Strigovite. — Q. ratio=3 : 2 : 4 : 2. In granite of Striegan, Silesia. Grochauitk same 
locality. 



MARQARITE. Perlglimmer, Germ. 

Orthorhombic (?) ; hemihedral, with a rnonoclinic aspect. /a/= 119°- 
120°. Lateral planes horizontally striated. Cleavage : 
basal, eminent. Twins: common, composition-face 
/, and forming, by the crossing of 3 crystals, groups 
of 6 sectore. Usually in intersecting or aggregated 
laminas; sometimes massive, with a scaly structure. 

H.=3’5-4*5. G.=2 # 99, Hermann. Lustre of 

base pearly, laterally vitreous. Color grayish, red- 
dish-white, yellowish. Translucent, subtranslucent. Laminae rather brittle. 
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Optic-axial angle very obtuse ; plane of axes parallel to the longer diagonal ; 
dispersion feeble. 


Comp. — Q. ratio f or R : R : Si : H=1 : 6 : 4 : 1 ; whence, if the water be basic, for baseM 
and silicon =2 : 1, formula RRSiOe ; that is, H a CaAl a Si a O )a . Analysis, Smith, Chester, Mass., 
SiO a 32*21, A10» 48*87, FeO, 2*50, MgO 0*32, CaO 10 02, Na a O(K a O) 1*91, H a O 4*61, Li a O 
0*82, MnO 0-20=100*90. 

Fyr., etc. — Yields water in the closed tube. B.B. whitens and fuses on the edges. 

Obs. — Margarite occurs in chlorite from the Greiner Mts. ; near Sterzing in the Tyrol ; at 
different localities of emery in Asia Minor and the Grecian Archipelago ; with corundum in 
Delaware Co., Pa.; at Unionville, Chester Co., Pa. (comnddlite) ; in Madison Co. ( cling - 
manite ), and elsewhere in North Carolina ; at the emery mines of Chester, Mass. 


CHLORITOID. 

Monoclinic, or triclinic. I A /' about 100° ; O (or cleavage surface) on 
lateral planes 93°-95°, DesCl. Cleavage : basal perfect : parallel to a 
lateral plane imperfect. Usually coarsely foliated massive ; folia oftci 
curved or bent, and brittle; also in thin scales or small plates disseminatec 
through the containing rock. 

H. = 5’5-6. G.=3*5-3-0. Color dark gray, greenish-gray, greenish- 

black, grayish-black, often grass-green in very thin plates ; strongly dichroie. 
Streak uncolored, or grayish, or very slightly greenish. Lustre of surface 
of cleavage somewhat pearly. Brittle. 

Var. — 1. The original chloritoid (or chloritspath) from Kossoibrod, near Katharinenburg in 
*he Ural. 2. The Sismo7idino , from St. Marcel. 8. Masonite , from Natic, R. I., in very 
broad plates of a dark grayish-green color. The Canada mineral is in small plates, one-fourth 
in. wide and half this thick, disseminated through a schist (like phyllite), and also in nodules 
of radiated structure, half an inch through. That of Gumuch-Dngh resembles sismondine, is 
dark green in thick folia and grass-green in very thin. 

Oomp. — Q. ratio for R:R:Si:H=l:3:2:l, for most analyses. Analysis by v. Kobell, 
Bregratten, SiO, 26 19,'A10 S 38*30, FeO a 0 00, FeO 21 11, MgO 3*30, H,0 5*50=100*40. 

Pyr., etc — In a matrass yields water. B.B. nearly infusible ; becomes darker and magne- 
tic. Completely decomposed by sulphuric acid. The masonite fuses with difficulty to a dark 
green enamel. 

Obs. — The Kossoibrod chloritoid is associated with mica and cyanite ; the St. Marcel occurs 
in a dark green chlorite schist, with garnets, maguetite, and pyrite ; the Rhode Island, in an 
argillaceous schist ; the Chester, Mass. , in talcose schist, with emery, diaspore. etc. 

Phyllite ( and ottrelite) closely resembles chloritoid, though the analyses hitherto made show 
a wide discrepancy, perhaps from want of purity in the material analyzed. Occurs in small, 
oblong, shining scales or plates, in argillaceous schist. Color blackish gray, greenish -gray, 
black. Phyllite occurs in the schist of Sterling, Goshen, Chesterfield, Plainfield, etc., in 
Massachusetts, and Newport, R. I. ( newportite ). Ottrelite is from a similar rock near Ottrez. 

Seybektite. — Orthorhombic. l.\l — 120 J . In tabular crystals, sometimes hexagonal; 
also foliated massive ; sometimes lamellar radiate. Cleavage : basal perfect. Structure thin 
foliated, or micaceous parallel to the base. H. =4-5. (4. =3-3*1. Lustre pearly submetaUic. 
Color reddish-brown, yellowish, copper-red. Folia brittle. Analysis, Brush, Amity, SiO a 
20*24, AlO, 39*13, FeO a 3*27, MgO 20*84, CaO 13*69, H a O 104, Na a O,K a O) 1*43, ZrO a O?5= 
100-39. Amity, N. Y. {dintonite) ; Fassathal (brandi&ite)', Slatoust {xanthophyttite). 

Corundofhilite. — A chlorite with the Q. ratio =1 : 1 : 1 : §. Occurs with corundum at 
Asheville. N. C.; Chester, Mass. 

Dttdleyite. — A lteration product of margarite. Clay Co., N. C. ; Dudleyville, Ala. 

Willcoxite. — Near margarite. Decomposition product of corundum. Q. ratio for R : R : 
Si : H=3 : 0 : 5 : 1. 

Thuringite. — Q. ratio 2 : 3 : 3 : 2. Contains principally iron (Fe and Fe). Hot Spring*, 
Arkansas; Harper's Ferry (owenite), Patter so nite from Unionville, Pa., near thuringite. 
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8. TANTALATES, COLUMBATES. 


PYROCHLORE.* 

Isometric. Commonly in octahedrons. Cleavage: octahedral, some- 
times distinct, especially in the smaller crystals. 

II. =5-5*5. G.=4*2-4*35. Lustre vitreous or resinous. Color brov/n, 
dark reddish- or blackish-brown. Streak light brown, yellowish-brow/i. 
Subtranslucent — opaque. Fracture conchoidal. 

Comp. — A columbate of calcium, cerium, and other bases in varying amounts. Analysis, 
by Rammelsberg. Brevig, Cb a Ob 58 27, TiO* 5*58, ThO a 4*1)0, CeO 5*50, CaO 10*03, FeO^UOa) 
5*53, Na-jO 5 31, F 3 75, H*0 1 *53=101 10. 

Obs. — Occurs in syenite at Friederichavam and Laurvig, Norway ; at Brevig ; near Minsk 
in the Urals; Kaiserstuhlgebirge in Breisgau {koppite ) ; with samarskite in N. Carolina (G.= 
4*794, chemical character unknown). 

Microute.* — In minute yellow octahedrons in feldspar. G.=5*5. Near pyrochloro, bub 

probably containing more tantalum pentoxide. Chesterfield, Mass. 

PniiilliTU. — In isometric octahedrons. Color orange-yellow. Chemical character un- 
known. From Mursinsk in the Ural. A mineral supposed to be similar from the Azores 
contains essentially, according to Hayes, columbium, zirconium, etc. 

Azokitk. — Iu minute tetragonal octahedrons resembling zircon. From the Azores in albitu. 
Chemical character unknown. 


TANTAUTE.* 


Orthorhombic. Observed planes as ip the figure. 
O A 1-i = 122° 34' ; c:l:d = 1*5967 : 1*2247 si. O A 
f-S = 117° 2', iri A 1-2 = 143° 6*\ 1-2 A 1-2, adj., = 141° 
48', i‘i Ai-% = 118° 33'. Twins: t winning-plane 
common. Also massive. 

II. = 6-6*5. G.=7— 8. Lustre nearly pure metallic, 
somewhat adamantine. Color iron-black. Streak red- 
dish-brown to black. Opaque. Brittle. 



a n 

Comp., Var. — A tantalate either (1) of iron, or (2) of iron and 
manganese, or (3) a stanno- tantalate of these two bases. Formula 
Fo(Mn)Ta<t0 6 . Sn is also often present (as FeSn0 3 . according to Ram- 
melsberg , and some of the tantalum is often replaced by columbium. 

Analysis. Ramm., Tammela (G. =7*384), Ta a O& 70*34, Cb^Os 7*54, 

SnOj 0*70.FeO 13*90, MnO 1*42=99 *90. Other varieties contain much 
more Cb-iO fi , the kinds shade into one another. 

Fyr.. etc. — B.B. unaltered. With borax slowly dissolved, yielding an iron glass, which, at 
a certain point of saturation, gives, when treated in R.F. and subsequently flamed, a gray- 
ish-white bead; if completely saturated becomes of itself cloudy on cooling. With salt of 
phosphorus dissolves slowly, giving an iron glafts, which in R.F., if free from tungsten, is 
pale yellow on cooling ; treated with tin on charcoal it becomes green. If tungsten is present 
the bead is dark red, and is unchanged in color when treated with tin on charcoal. With 
soda and nitre gives a greenish-blue manganese reaction. On charcoal, with soda and suffi- 
cient borax to dissolve the iron, gives in R.F. metallic tin. Decomposed on fusion with 
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potassinin bisulp ha te in the platinum spoon, and gives on treatment with dilute hydrochloric 
acid a yellow solution and a heavy white powder, which, on addition of metallic zinc, assumes 
u smalt -blue color ; on dilution with water the blue color soon disappears (v. Kobell). 

Obs. — Tantalite is confined mostly to albite or oligoclase granite, and is usually associated 
with beryl. Occurs in Finland, at several places ; in Sweden, in Fahlun, at Broddbo and 
Finbo ; in France, at Chanteloube near Limoges, in pegmatite ; in North Carolina. 

Named T'antalite by Ekeberg, from the mythic Tantalus, in playful allusion to the difficul- 
ties (tantalizing) he encountered in his attempts to make a solution of the Finland mineral in 

COLUMBITE.* Niobite. Ferroilmenite. 

Orthorhombic. I A 7=101° 26', 0 A 14 = 184° 53*'; c:b:d = 
1-0038 : 1*2225 : 1. O A 14 = 140° 36', O A 1-3 = 138° 26', i-l A 1-S = 
104° 80', 1-S A 1-S, adj., = 151°, i-S A i-S, ov. i-i, = 135° 40', i-S A i-S, ov. i-i, 
= 135° 30'. Twins : twiiming-plaue 2-1 Cleavage : i-i and i-i , the former 
most distinct. Occurs also rarely massive. 
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Haddam. Middletown, Conn. Greenland. 

H.=6. G. = 5*4-0*5. Lustre submetallic ; a little shining. Color iron- 
black, brownish-black, grayish-black ; often iridescent. Streak dark red to 
black. Opaque. Fracture subconchoidal, uneven. Brittle. 

Comp., Var. — FeCb 9 (Ta 3 )06, with Borne manganese replacing part of the iron. The ratio 
of Cb : Ta generally=8 : 1 (Bodenmais, Haddam), sometimes 4 : 1, 8 : 1, 10 : 1, etc.; in the 
Greenland columbite the Ta 3 0 6 is almost entirely absent. 

Analyses, Blomstrand, (1) Haddam ^G.=6 15), (2) Greenland (G.=5 395). 


CbjOj 

T&<|0( 

WO, 

SnOa 

Zr0 3 

FeO 

MnO 

H.O 

51*53 

28-55 

0-70 

0*34 

0-34 

13-54 

4 97 

0*16—100*19 

77-97 

— 

0-13 

0-73 

0 13 

17 33 

3 51 

= 99-80 


Pyr., etc.— Like tantalite. Von Kobell states that when decomposed by fusion with 
caustic potash, and treated with hydrochloric and sulphuric acids, it gives, on the addition of 
zinc, a blue color much more lasting than with tantalite ; and the variety dianite , when 
similarly treated, gives, on boiling with tin-foil, and dilution with its volume of water, » 
B&pphire-blue fluid, while, with tantalite and ordinary columbite, the metallic acid remains 
undissolved. The variety from Haddam, Ct., is partially decomposed when the powdered 
mineral is evaporated to dryness with concentrated sulphuric acid, its color is changed to 
white, light gray, or yellow, and when boiled with hydrochloric acid and metallic zinc it gives 
a beautiful blue. The remarkably pure and unaltered columbite from Arksut-fiord in Green- 
land is also partially decomposed by sulphuric acid, and the product gives the r diction test 
with zinc, as above. 

Obs. — Occurs at Rabenstein, Bavaria ; at Tixschenreuth, Bavaria ; at Tammela in Finland ; 
at Chanteloube, near Limoges ; near Miask in the Ilmen Mts.; at Hermanskar, near Bjorskar, 
in Finland ; in Greenland, at Evigtok. 
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In the United States, at Haddam, in a granite vein, and near Middletown, Conn. ; at 
Chesterfield, Mass. ; Standish, Me. ; Acworth, N. H. ; also Beverly, Mass.; Northfield, Mass, t 
Plymouth, N. H. ; Greenfield, N. Y. * ’ 

The Connecticut crystals are usually rather fragile from partial chan ge ; while those of 
Greenland and of Maine are very firm and hard. 

He it M anno lite (Shepard). — From the colurabite locality at Haddam, Ct., and a variety of 
columbite due to alteration. G. =5’65. Supposed by Hermann to contain ilmenium ” pent 
oxide (I1 2 0 6 ). 

Tapiolite.— Tetragonal c=*6464 (rutile c=*6442). FeTa a (Cb a )0«, with Ta : Cb=4 : 1. 
Tammela, Finland. 

Hjelmite. — A stanno-tantalate of iron, uranium and yttrium. Massive. Color black* 
Near Fahlun, Sweden. 


YTTROT ANT ALITE . Black Yttrotantalite. 

Orthorhombic. I A 1= 123 ° 10 ' ; O A 2-1 = 103 ° 26'; 6:1: d — 2*0934 
: 1*8482 : 1. Crystals often tabular parallel to i-l. 

Also massive ; amorphous. 

H.=5-5*5. G.=5*4-5-9. Lustre submetallic to 

vitreous and greasy. Color black, brown. Streak 
gray to colorless. Opaque to subtranslucent. Frac- 
ture small conclioidal to granular. 

Comp.— Mostly ^(Ta^b^O?, with two equivalents of water, 
perhaps from alteration ; R=Fe : Ca : Y(Er,Ce)=^l : 2 : 4. Con- 
taining also W0 3 and SnO a . Analysis (Itainm.), Ytterby, Ta a O ft 
46 25, CboOa 12 32, SnO a 112, W0 3 2 66, UO. 1-01, YO 10*52, ErO 
6*71, FeO 6 80, CeO 2 22, Ca 5-76, H a O 6 61 = 98 95. 

Pyr., etc — In the closed tube yields water and turns yellow. 

On intense ignition becomes white. B.B. infusible. With salt of 
phosphorus dissolves with at first a separation of a white Bkeleton of tantalum pentoxide, 
which with a strong heat is also dissolved ; the black variety from Ytterby gives a glass faintly 
tinted rose-red from the presence of tungsten. With soda and borax on charcoal gives traces 
of metallic tin (Berzelius). Not decomposed by acids. Decomposed on fusion with potas- 
sium bisulphate, and when the product is boiled with hydry chloric acid, metallic zinc gives a 
pale blue color to the solution which soon fades. 

Obs. — Occurs in Sweden at Ytterby ; at the Korarfvet mine, etc., near Fahlun. 
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Ytterby. 


SAMARSKITE.* Uranotantalite. 


Orthorhombic. I A I = 122° 46' 
1*833 : 1. Crystals often flattened 
parallel to i-l, also less often to i-i. 
Also in large irregular masses (N. 
Carolina). In flattened imbedded 
grains (Urals). 

II. =5*5-6. G.=5*614-5*75 ; 5*45 
-5*69, North Carolina. Lustre of 
surface of fracture shining and sub- 
metallic. Color velvet-black. Streak 
dark reddish-brown. Opaque. Frac- 
ture subcouckoidal. 

Comp. — Analyses : 1. AUen (priv. con- 

trite.); 2. Fiiikener anil Stephans; 


; 14 A 1-1 = 93°; c:l:d = 0- 949 
0G5 068 




North Carolina. 
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ObjO, Ta»0, WO, SnO, ThOaZrOaUO, MnO FeO CeO* TO OaO H,0 

1. Mitchell 

Ca. N. 0., 87-20 18.00 0-08 12*46 0*75 10*90 4 25 14*45 0*55 1*12=5 

* ’ UO a 100*36 

2. 47-47 1*86 0*05 0 0 5 4-35 10-95 0-96 ll*33f 8*81 12 61 0*73 0-45 

1 MgO 0-14=99*76 

* With LaO, DiO. 
t With 0 "X CuO. 

Fyr., etc. — In the closed tube decrepitates, glows like gadolinite, cracks open, and turn® 
black, and is of diminished density. B.B. fuses on the edges to a black glass. With borax 
in O.F. gives a yellowish-green to red bead, in R.F. a yellow to greenish- black, which on 
flaming becomes opaque and yellowish-brown. With salt of phosphorus in both flames an 
emerald -green bead. With soda yields a manganese reaction. Decomposed on fusion with 
potassium bisulphate, yielding a yellow mass which on treatment with dilute hydrochloric 
acid separates white tantalic acid, and on boiling with metallic zinc gives a fine blue color. 
Samarskite in powder is also sufficiently decomposed on boiling with concentrated sulphuric 
acid to give the blue reduction test when the acid fluid is treated with metallic zinc or tin. 

Obs. — Occurs in reddish-brown feldspar, near Miask in the Ural ; the pieces having the 
size of hazel-nuts. In masses, sometimes weighing 20 lbs. . in the decomposed feldspar of the 
mica mines of western North Carolina, especially in Mitchell Co. At both localities it is 
often intimately associated with columbite ; at Miask the crystals of the latter species are 
sometimes implanted in parallel position upon those of the samarskite. 

Nohlite. — Near samarskite, but contains 4*02 p. c. water. Nohl, Sweden. 


EUXENITE. 

Orthorhombic. Form a rectangular prism with lateral edges replaced, 
and a pyramid at summit. Cleavage none. Commonly massive. 

II. = C*5. G.= 4*60-4*99. Lustre brilliant, metallic-vitreous, or some- 
what greasy. Color brownish- black ; in thin splinters a reddisli-brown 
translucence lighter than the streak. Streak-powder yellowish to reddish- 
brown. Fracture subconchoidal. 

Oomp. — According to Rammelsberg 2RTi0 3 -f RCbnO n -+-aq ; here R=Y,Fe,U mostly. 
Analysis, Ramm., Arendal, CbaO* 35*09, TiO a 21 16, YO 27*48, ErO3*40, UO a 4*78, CeO 3*17, 
FeO 1*38, H a O 2*63=99*63. 

Obs. — Occurs at Jdlater in Norway ; near Tvedestrand ; at Alve, island of Tromoen, near 
Arendal ; at Mdretjiir, near Naskilen. 

Named by Scheerer from tiH-cros, a stranger , in allusion to the rarity of its occurrence. 

JEsciiynitk. — O rthorhombic. H. =5-6. G. =4*9-5 *14. Lustre submetallic to resinous, 
nearly dull. Color nearly black. Streak gray. Fracture small subconchoidal. Analysis, 
Ramm., Cb 2 O a 28*81, TiO a 22*64, SnO a 018, ThO a 15*75, FeO 3*17, CeO 18*49, LaO(DiO) 
5*60, YO 1*12, CaO 2*75, H a O 1*07=99*58. In feldspar with mica and zircon. Miask in the 
Urals. 

Polymignite. — Orthorhombic. In slender crystals. H =6*5. G.=4*77-4*85. Lustre 
brilliant. Color black. Streak dark brown. Fracture perfect conchoidal Composition 
doubtful. Fredericksvarn, Norway. Perhaps identical with sesehynite (Frankenbeim). 

Polycrase. — Orthorhombic. H.=5*5. G. =5*09-5*12. Lustre bright. Color black. 
Streak grayish-brown. Fracture conchoidal. Analysis, Ramm., Cb a 0 6 20*35, Ta a O# 4*00, 
TiO a 26*59, YO 23*32, FeO 2*72, CeO 2 61, UO a 7 70 H a O 4 02=98*84. In crystals in granite 
at Hitterde, Norway. 

Men git E. — Occurs in short prisms. H. =5-5*5. G. =5*48. Color iron-black. Contains 
sirconium, iron, titanium. In granite veins in the Ilmen Mts. 

Rutherford ite. — Doubtful; contains titanium, cerium, etc. Rutherford Co., N. 0. 


FERGUSONXTE.* Yellow Yttrotantalite. Tyrite. Bragite. 

Tetragonal, hemihedral. O A l-i = 124° 20' ; i = 1-464. Cleavage : 1, 
in distinct traces. 
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H.=5*5-6. G.=5*838, Allen ; 5*800, Turner. Lustre externally dull, 
on the fracture brilliantly vitreous and submetallic. 

Color brownish-black; in thin scales pale liver-brown. 

Streak pale brown. Subtranslucent — opaque. Frac- 

ture imperfect conckoidal. 

Comp. — According to Rammelsberg, essentially R 3 (Ob,Ta)aOi,. 

Analysis, Ramm., Greenland, Cb Q 0 6 44 45, Ta«Ot. 6 30, SnO a 0*47, 

W0 3 0*15, YO 24*87.ErO 9*81, CeO7 03 (5*63 LaO,DiO), UO a 2*58, 

FeO 0*74, CaO 0*61, H-0 1*49 --99 *10. The amount of water varies 
from 1*49-7 p. c., and is regarded by Ramm elsberg as arising from 
alteration. 

Obs. — Fergnsonite occurs near Cape Farewell in Greenland, dis- 
seminated in quartz. Also found at Ytterby, Sweden ; in Silesia. 

Bragite is from Helle, Alve, and elsewhere in Norway. Tynte is 
associated with euxenite at Hampemyr on the island of Tromoe, 
and Helle on the mainland ; at Nceskul, about ten miles east of 
Arendal. 

Kochelite. — Near fergusonite. In yeUow square-octahedrons and crusts in granite. 
Kochelwiesen, near Schreiberhau, Silesia. 

Adelpiiolite. — A columbate of iron and manganese, containing 41*8 p. o. of metaUic 
acids, and 9*7 p. c. of water. Tetragonal H. =3 *5-4 *5. G. = 3*8. Tammela, Finland. 
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3. PHOSPHATES, ARSENATES, VANADATES, ETC. 


Anhydrous Phosphates, Arsenates, etc. 

XENOTIME. Ytterspath, Germ , 

Tetragonal. 0 A 1 = 13S° 45' ; c = 0-6201. 1 A 1, pyram., = 124° 26' ; 

basal, = 82° 30'. Cleavage: /, perfect. 

608 II. =4-5. G. =4-45-4*56. Lustre resinous. 

Color yellowish-brown, reddish-brown, hair-brown, 
flesh-red, grayish-white, pale yellow ; streak pale 
brown, yellowish, or reddish. Opaque. Fracture 
uneven and splintery. 

Oomp. — Y 3 P.j 0 8 = Phosphorus pentoxide (P a 0 6 ) 37 87, yttria 
6213=100. 

Pyr., etc. — B.B. infusible. When moistened with sulphuric 
acid colors the flame bluish-green. Difficultly soluble in salt 
of phosphorus. Insoluble in acids. 

Obs. — From a granite vein at Hitteriie ; at Ytterby, Sweden ; St. Gothard ; Binnenthal. 
In the U. S., in the gold washings of Clarksville, Georgia; in McDowell Co., N. C.; in the 
diamond sands of Bahia, Brazil. The wuerine of Kenugott has been shown by Klein to be 
octahedrite (vide p. 255). 

CRYX'TOLITK (Phosphocei'ite). — Ce a P,Oa (with some Di), like monazite. Occurs in minute 
grains imbedded in apatite at Arendal ; Siberia. 


Apatite Group . 

APATITE.* 

Hexagonal ; often liemihcdral. O A 1 = 139° 41' 38", Kokscharof ; c = 
0*734603. O A 2-2 = 124° 14£'. Cleavage : O , imperfect ; /, more so. Also 

669 670 


St. Gothard. 

globular and reniform, with a fibrous or imperfectly columnar structure , 
also massive, sti icture granular. 
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OXYGEN COMPOUNDS. — PHOSPHATES, ARSENATES, ETC. 

H. =5, sometimes 4*5 when massive. G. = 2-92-3*25. Lustre vitreous, 
inclining to subresinous. Streak white. Color usually sea-green, bluish- 
green 5 often violet-blue ; sometimes white 5 occasionally yellow, gray, red, 
flesh-red, and brown ; none bright. Transparent — opaque. A bluish 
opalescence sometimes in the direction of the vertical axis, especially in 
white varieties. Cross fracture conchoidal and uneven. Brittle. 

Var. -1 . Ordinary. Crystallized, or cleavable and granular massive, (a) The asparagus 
stone (originally from Murcia, Spain) and moroxite (from Arendal) are ordinary apatite. The 
former was yellowish-green, as the name implies ; the latter was in greenish-blue and bluish 
crystals ; and the names have been used for apatite of the same shades from other plaoes. 

2. Fibrous , , concretionary \ stalactite. The name Phosphorite was used by Kirwan for all apatite, 
but in his mind it especially included the fibrous concretionary and partly scaly mineral from 
Estremadura, Spain, and elsewhere. 3. Fluor-apatite , (Jhlor -apatite. Apatite also varies as 
to the proportion of fluorine to chlorine, one of these elements sometimes replacing nearly or 
wholly the other. 

Comp. — The formulas of the two varieties are SCaaPjOa + CaCla=Pho8phorus pentoxide 
40*92, lime 53*80, chlorine 6 *82 =101 *54 ; and 3Ca a P.O« + CaF a = Phosphorus pentoxide 42 *20, 
lime 55*55, fluorine 3*77=101*58. Sometimes both calcium chloride (CaCl a ), and calcium 
fluoride (CaF a ), are present. 

Fyr., etc. — B.B. in the forceps fuses with difficulty on the edges (F.=4*5-5), coloring the 
flame reddish -yellow ; moistened with sulphuric acid and heated colors the flame pale bluish- 
green (phosphoric acid) ; some varieties react for chlorine with salt of phosphorus, when the 
bead has been previously saturated with copper oxide, while others give fluorine when fused 
with this salt in an open glass tube. Gives a phosphide with the sodium test. 

Dissolves in hydrochloric and nitric acid, yielding with sulphuric acid a copious precipitate 
of calcium sulphate ; the dilute nitric acid solution gives with lead acetate a white precipi- 
tate, which B.B. on charcoal fuses, giving a globule with crystalline facets on cooling. Some 
varieties of apatite phosphoresce on heating. 

Diff. — Characterized by 'its hexagonal form. Distinguished by its softness From beryl; 
does not effervesce with acids like the carbonates ; unlike pyromorphite, yields no lead B.B. 

Obs. — Apatite occurs in rocks of various kinds and ages, but is most common in metamor* 
phic crystalline rocks, especially in granular limestone, granitic and many metalliferous veins, 
particularly those of tin, in gneiBS, syenite, hornblendic gneiss, mica schist, beds of iron ore ; 
occasionally in serpentine, and in igneous or volcanic rocks ; sometimes in ordinary stratified 
limestone, beds of sandstone or shale of the Silurian, Carboniferous, Jurassic, Cretaceous, or 
Tertiary formations ; also in microscopic crystals in many igneous rocks, doleryte, etc. It 
has been observed as the petrifying material of wood. 

Among its prominent localities are Ehrenfriedersdorf in Saxony ; region of St. Gothard 
in Switzerland; Mussa-Alp in Piedmont; Untersulzbnchthal and elsewhere in the Tyrol: 
Bohemia ; in England, in Cornwall, with tin ores ; in Cumberland ; in Devonshire ; at Wheal 
Franco {francolite), etc. The variety, moroxite , occurs at Arendal, Snarum, etc., in Norway. 
The asparagus stone or Spargelstein of Jumilla, in Murcia, Spain, is pale yellowish-green in 
color; and a variety from Zillerthal is wine-yellow. The phosphorite , or massive radiated 
variety, is obtained abundantly near the junction of granite and argillyte, in Estremadura 
Spain • at Schlackenwald in Bohemia ; at Krageroe, etc. 

In Mass . , at Norwich; at Bolton, and elsewhere. In New York , in St. Lawrence Co., in 
granular limestone; in Bossie; Sanford mine, Essex Co.; near Edenville, Orange Co. In 
New Jersey , near Suckasunny, ; Mt. Pleasant mine, near Mt. Teabo ; at Hurdstown, Sussex 
Co. In Penn., at Leiperville, Delaware Co.; in Chester Co. In Delaware ^ at Dixon’s quarry, 
Wilmington. In Canada ;, in North Elmsley, and passing into South Burgess ; similar in 
Boss ; at the foot of Calumet Falls ; at St. Boch, on the Achigan. 

Apatite was named by Werner from hrardto, to deceive, older mineralogist* having referred 
it to aquamarine, chrysolite, amethyst, fluor, schorl, etc 

Osteolite is massive impure altered apatite. The ordinary compact variety looks like 
lithographic stone of white to gray color. It also occurs earthy. Hanau. 

Guano — G uano is bone-phosphate of calcium, or osteolite, mixed with the hydrous phos- 
phate, brushite, and generally with some carbonate of calcium, and often a little magnesia, 
alumina, iron, silica, gypsum, and other impurities. It often contains 9 or 10 p. c. of water. 
It is often granular or oolitic ; also compact through consolidation produced by infiltrating 
waters, in which case it is frequently lamellar in structure, and also occasionally stalagmitio 
and stalactitic. Its colon are usually grayish-white, yellowish and dark brown, and some* 
times reddish, and the lustre of a surface of fracture earthy to resinous. 
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Phosphatic Nodules* Copbolites. — Phosphatic nodules occur in many foesiliferoui 
rooks, which are probably in all cases of organic origin. They sometimes present a spiral ot 
other interior structure, derived from the animal organization that afforded them, and in 
such cases their coprolitio origin is unquestionable. In other oaseB there is no structure to aid 
In deciding whether they are true coprolites or not. 


PYROMORPHITE* Grttnbleierz, Germ. 

Hexagonal. Hemihedral. 0 A 1 = 139° 38' ; i = 0*7362. Cleavage : 
1 and 1 in traces. I commonly striated horizontally. Often globular, 
reniform, and botryoidal or verruciform, with usually a subcolumnar struc- 
ture ; also fibrous, and granular. 

H.=3*5-4. Gr.=6*5~7*l, mostly when without lime; 5-6*5, when con- 
taining lime. Lustre resinous. Color green, yellow, and brown, of differ- 
ent shades ; sometimes wax-yellow and fine orange-yellow ; also grayish- 
white to milk-white. Streak white, sometimes yellowish. Subtransparent 
— subtranslucent. Fracture subconchoidal, uneven. Brittle. 

Comp. — Analogous to apatite, 8Pb s Pa0 8 +PbCl 9 = Phosphorus pentoxide 15*71, lead oxide 
82 27, chlorine 2*62= 100*60. Some varieties contain arsenic replacing part of the phosphorus, 
and others calcium replacing the lead. 

Pyr., eto. — In the closed tube gives a white sublimate of lead chloride. 3.B. in the forceps 
fuses easily (F.=l*5), coloring the flame bluish-green ; on charcoal fuses without reduction 
to a globule, which on cooling assumes a crystalline polyhedral form, while the coal is coated 
white from the chloride, and, nearer the assay, yellow from lead oxide. With soda on charcoal 
yields metallic lead ; some varieties contain arsenic, and give the odor of garlic in R.F. on 
charcoal. With salt of phosphorus, previously saturated with copper oxide, gives an azure- 
blue color to the flame when treated in O.F. (chlorine). Soluble in nitric acid. 

Diff. — Characterized by its high specific gravity, and prognostics. 

Obs. — Pyromorphite occurs principally in veins, and accompanies other ores of lead. Occurs 
In Saxony ; at Przibram, Mies, and Bleistadt, in Bohemia ; near Freiberg ; Clausthal in the 
Harz; at Nassau; Beresof in Siberia; Cornwall, Derbyshire, and Cumberland, in England; 
Leadhills in Scotland ; Wicklow, and elsewhere, Ireland. In the U. S. at Phenixville, Penn.; 
also in Maine, at Lubeo and Lenox ; in Davidson Co. , N. C. 

The figures produced by etching (see p. 118) show that pyromorphite is hemihedral like 
apatite (Baumhauer). 

Named from irbp, fire , popM, form , alluding to the crystalline form the globule assumes on 
cooling. 


MIMET1TE.* Mimetesite. 


Hexagonal. Oa 1 = 139° 58'; c = 0*7276. Cleavage: 1, imperfect. 

H.=3*5. G.= 7*0-7*25, mimetite; 5*4-5*5, liedy- 

phane. Lustre resinous. Color pale yellow, passing 
into brown ; orange-yellow ; white or colorless. Streak 
white or nearly so. Subtransparent — translucent. 

Comp.— Formula SPbsAsaOs-f-PbC^Araenio pentoxide 23*20, 
lead oxide 74*96, chlorine 2*39=100 *55. Generally part of the 
arsenic is replaced by phosphorus, and often the lead in part by cal- 
cinm. 

Pyr., etc.— In the closed tube like pyromorphite. B.B. fuses at 1, 
and on charcoal gives in R. F. an arsenical odor, and is easily reduced 
to metallic lead, coating the coal at first with lead chloride, and 
later with arsenous oxide and lead oxide. Gives the chlorine reau* 
tions as under pyromorphite. Soluble in nitric acid. 

Obs. — Occurs at several of the mines in Cornwall ; in Cumberland. At St. Prix in France f 
at J ohanngeorgenstadt ; at Nertschinsk, Siberia. At the Brookdale mine, Phenixville, Pa. 
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Mimetite Is hemihedral like apatite and pyromorphite, as shown by etching (Baumhauer), 
Named from fufiririfs, imitator , it closely resembling pyromorphite. 

Hkdyphank.— A variety containing much calcium. Campylite contains much lead phot 


W>« VANADINITE.* 

Hexagonal. In simple hexagonal prisms, and prisms terminating in 
planes of the pyramids ; 1 A 1, over terminal edge, 142° 58', O A 1 = 140° 
34', I A 1 = 130°. Usually in implanted globules or incrustations. 

H.=2*75-3. G.= 6-6623-7.23. Lustre of surface of fracture resinous. 
Color light brownish-yellow, straw-yellow, reddish-brown. Streak white or 
yellowish. Subtranslucent — opaque. Fracture uneven, or flat conchoidal. 
Brittle. 

Comp, — Formula SPbaVaOa+PbCla = Vanadium pentoxide 19*36, lead oxide 78*70 chlorine 
2*50=100-56. 

Pyr., etc. — In the closed tube decrepitates and yields a faint white sublimate. B.B. fuses 
easily, and on charcoal to a black lustrous mass, which in R.F. yields metallic lead and a coat- 
ing of chloride of lead; after completely oxidizing the lead in O.F the black residue gives 
with salt of phosphorus an emerald-green bead in R.F., which becomes light yellow in O.F. 
Gives the chlorine reaction with the copper test Decomposed by hydrochloric acid. 

If nitric acid be dropped on the crystals they become first deep red from the separation of 
vanadium pentoxide, and then yellow upon its solution. 

Obs. — This mineral was first discovered at Zimapau in Mexico, by Del Rio. Since obtained 
at Wanlockhead in Dumfriesshire ; also at Beresof in the Ural ; and near Kapptd in Carinthia. 


DeciHuNITE. — P bYaOo (or with some Zn)=Vanadium pentoxide 45*1, lead oxide 54*9=100 
Massive. Color deep red. Dahn, near Niederschlettenbach, Rhenish Bavaria. Freiberg in 
Breisgau ( evsyndhite ). 

Descloizite.*— P b*V 2 OT=^ Vanadium pentoxide 29 1, lead oxide 70 9 = 100. Orthorhombic. 
South America. Wheatley Mine, Penn. 

PucnERiTE ( Frenzel ). — Orthorhombic, near brookite in form ( Websky ). Occurs in small 
implanted crystals. Color reddish-brown. In composition a bismuth vanadate, BiV0 4 =: 
Vanadium pentoxide 28*3. bismuth oxide 71*7. Pucher mine, Schneeberg, Saxony. 


Roscoeltte. — Occurs in thin micaceous scales, arranged in stellate or fan-shaped groups. 
Color dark brownish-green. Soft. G.=2 938 (Genth) ; 2*902 (Roscoe). Analyses: 1. Ros- 
coe (Proc. Roy. Soc., May 10, 1876); 2. Genth (Am. J. Sci., July, 1876). 



SiOa 

Va0 6 

AlO, 

FeO s 

MnO s 

MgO 

CaO 

KjO NfijO H- O 

1 . 

f 41*25 

28-60 

14*14 

1*13 

1*15 

2*01 

0*61 

8*56 0*82 1*08 

moisture 2 *27=101*02 

2. 

47-69 

22*02 VeOn 

14*10 

1*67 FeO 


200 

tz. 

7*59 0*19ign.4*90 

0*85 gangue=100*22 


The above analyses, made upon material derived from the same source, differ widely, 
especially in regard to the state of oxidation of the vanadium. Genth makes it V 8 Oi,= 
2VaO,,VaO». The formula given by Roscoe is 2ATV 2 0 8 + K 4 Si B Oao 4- aq. Found in fissures in 
the porphyry, and in cavities in quartz at the gold mine at Granite Creek, El Dorado Ca, 
Oak Named by Dr. Blake, who discovered it. See further ou p. 435. 
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WAGNBRXTB. 

Monoclinic. C = 71° 53', I A /= 95° 25', 0 A 1-t = 144° 25', B. &M. • 
c:h : d — 0-78654 : 1-045 : 1. Most of the prismatic planes deeply striated. 
Cleavage : I, and the orthodiagonal, imperfect ; 0 in traces. 

H.=5-5-5. Gr.= 3 - 068 , transparent crystal; 2*985, nntransparent, Bam- 
melsberg. Lustre vitreous. Streak white. Color yellow, of different 
shades; often grayish. Translucent, Fracture uneven and splintery across 
the prism. 

Comp. — MgjP<jOe+MgF 3 = Phosphorus pentoxide 43*8, magnesia 37*1, fluorine 11*7, mag' 
negium 7*4=100. 

Pyr., etc.— B.B. in the forceps fuses at 4 to a greenish-gray glass ; moistened with sulphu- 
ric acid colors the flame bluish-green. With borax reacts for iron. On fusion with soda 
effervesces, but is not completely dissolved ; gives a faint manganese reaction. Fused with 
salt of phosphorus in an open glass tube reacts for fluorine. Soluble in nitric and hydro- 
chloric acids. With sulphuric acid evolves fumes of fluohydric acid. 

Obs. — Occurs in the valley of Hollgraben, near Werfen, in Salzburg, Austria. 

Kjerulfine (a. KobeU). — Stands near wagnerite, but exact nature uncertain. In masses 
of a pole red color at Bamle, Norway. 


MONAZITE* 

Monoclinic. C= 76° 14', /A 7= 93° 10', O A 14 = 138° S ' ; c:b:d 

= 0*94715 : 1*0265 : 1. Crys- 
tals usually flattened parallel to 
iri. Cleavage : O very perfect, 
and brilliant. Twins: twin- 
ning plane O . 

H. = 5-5*5. G. = 4*9-5*26. 
Lustre inclining to resinous. 
Color brownish-hyacintli-red, 
dove-brown, or yellowish- 
brown . S n b tran spare n t — su b- 
translucent. Rather brittle. 


Oomp. — According to Rammelsberg, 
5R 3 P 2 0s-f-Th ! JI\0« 1 where R=Ce,La, 
Di. Analysis by Kersten, Slatousfc, 
P a O ft 28*50, ThOa 17*95, SnO a 2*10, CeO 26*00, LaO 23*40, MnO 1*86, CaO 1*68, K,0 and TiO* 
$r.=101*49. 

„ Pyr., etc. — B.B. infusible, turns gray, and when moistened with sulphuric acid colors the 
flame bluish-green. With borax gives a bead yellow while hot and colorless on cooling ; a 
saturated bead becomes enamel-white on flaming. Difficultly soluble in hydrochloric acid. 

Diff. — Its brilliant basal cleavage is a prominent character, distinguishing it from tita- 
nite. 

Obs.— Monazite occurs near Slatoust in the Ilmen Mtn. ; also in the Ural ; near Notero in 
Norway ; at Schreiberhau. In the United States, with sillimanite at Norwich ; at Yorktown, 
Westchester Co., N.Y.; near Crowder’s Mountain, N. C. 

Named from /wraCu, to be solitary, in allusion to its rare occurrence. 

Tuknehite. — Identical with monazite, as first suggested by Prof. J. D. Dana. Occuxb in 
minute yeUow to brown crystals, rarely twins, at Mt Sorel, Dauphiny; Santa Brigritta, 
Tavetsch; Lercheltiny Alp, Binnenthal; Laacher See (v. Rath.), c : b ; d= *921690 : 1 
0*958444. C. =77° 18' (Trechmann). 

Korabfveite ( Radominski ). — A oerium phosphate containing fluorine; near monazite 
Occurs in large crystalline masses of a yellowish color at Korarfvet, near Fahlun, Sweden. 




OXYGEN COMPOUNDS. — PHOSPHATES, ARSENATES, ETC. 


360 


TRIFHYUra* Triphyline. 


Orthorhombic. /A /= 98°, 0 A 1-i = 129° 33', Tschermak ; h : $ : 4 =a 
1*211 : 1*1504 : 1. Faces of crystals usually uneven. 

Cleavage : O nearly perfect in unaltered crystals. W4 

Massive. 

H.=5. G.=3*54-3*6. Subresinous. Color greenish- 
gray ; also bluish ; often brownish-black externally. 

Streak grayish-white. Translucent in thin fragments. 2 . 

g g w\n\n 


Oomp.— E,P 3 Oi, where R=Fe, Mn, (Ca)and Li a <K a , Na a ). Analysis 
by Oesten, from Bodenroais, P 2 0» 44 19, FeO 38 21, MnO 6*03, MgO 
2*89, CaO 0*70, Li a O 7 69, Na*0 0*74, K.O 0 04, SiO, 0 40=rl00 05. 

The analyses vary much, owing to the impure material employed. 

Pyr., etc. — In the closed tube sometimes decrepitates, turns to a Norwich, 

dark color, and gives off traces of water. B.B. fuses at 1*5, coloring 

the tlame beautiful lithia-red in streaks, with a pale bluish-green on the exterior of the oone 
of flame. The coloration of the flame is best seen when the pulverized mineral, moistened 
with sulphuric acid, is treated on a loop of platinum wire. With borax gives an iron bead ; 
with soda a reaction for manganese. Soluble in hydrochloric acid. 

Ob*. — Triphylite occurs at Rabenstein near Zwiesel in Bavaria ; also at Keityo in Finland ; 
Norwich, Mass. 

Named from rp/V, three- fold, and family , in allusion to its containing three phos- 

phates. 


TRIFUTB.* Zwieselite. 

Orthorhombic. Imperfectly crystalline. Cleavage: unequal in three 
directions perpendicular to each other, one much the most distinct. 

II. =5-5 5. G. = 3*44-3*8. Lustre resinous, inclining to adamantine. 
Color brown or blackish-brown to almost black. Streak yellowish-gray or 
brown. Subtranslucent — opaque. Fracture small conchoidal. 

Oomp. — R a P.,0*-fRF a ; R=Fe, Mn(Cn). Analysis, v. Kobell, Schlackenwnld, P ,0,33 ‘85, 
FeO, 3-50, FeO 28*88, MnO 30 00, CaO 2 20, MgO 8 05, F=8*10=104*08. 

Pyr., etc.— B.B. fuses easily at 1*5 to a black magnetic globule; moistened with sulphuric 
acid colors the flame bluish-green. With borax in O F. gives an amethystine colored gloss 
(manganese) ; in R F. a strong reaction for iron. With soda reacts for manganese. With 
sulphuric acid evolves fluohydric acid. Soluble in hydrochloric acid. 

Obs. — Found by Alluaud at Limoges in France, with apatite ; at Peilau in Silesia. 

Zwieeelile , a clove-brown variety, was found near ltabenstein, near Zwiesel in Bavaria, in 
quartz (G. =3*97, Fuchs). 

S a rcofbidel — Near triplite. Valley of the Muhlbach, Silesia. 


AMBIiYGONITB.* 

Triclinic. Cleavage : O perfect ; i-i nearly perfect, angle between these 
cleavages 104£° ; also /imperfect. Usually massive, cleavable; sometimes 
columnar. 

H.=6. G.= 3-3*11. Lustre pearly on face of perfect cleavage (0)\ 
vitreous on i-i, less perfect cleavage-face ; on cross-fracture a little greasy. 
Color pale mountain or sea-green, white, grayish, brownish-white. Sub« 
transparent — translucent. Fracture uneven. Optical axes very divergent ; 
plane of axes nearly at right angles to i-i; bisectrix of the acute angle 
negative, and parallel to the edge O/i- i; DesCl. 
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Oomp. — According to Rammelsberg, 2AlP 2 O g -f 3Li(Na)F. If Na : Li=l : 4, the formula 
requires : Phosphorus pentoxide 49*24, alumina 35*58, litliia 6*24, soda 
8*23, fluorine 9^8=104*17. 

Fyr., etc. — In the closed tube yields water, which at a high heat is 
acid and corrodes the glass. B. B. fuses easily at 2, with intumescence, 
and becomes opaque white on cooling. Colors the flame yellowish-red 
with traces of green ; the Hebron variety gives an intense lithia-red ; 
moistened with sulphuric acid gives a bluish-green to the flame. With 
cobalt solution assumes a deep blue color (alumina). With borax and 
salt of phosphorus forms a transparent colorless glass. In fine powder 
dissolves easily in sulphuric acid, more slowly in hydrochloric. 

Diff. — Distinguished by its easy fusibility ; reaction for fluorine and 
lithia ; greasy lustre in the mass, etc. 

Obs. — Occurs at Chursdorf and Arnsdorf, near Penig in Saxony ; also 
at Arendal, Norway. In the U. States, in Maine, at Hebron (hebronite), 
imbedded in a coarse granite with lepidolite, albite, quartz, red, green, 
and black tourmaline ; also at Mt. Mica in Paris, 8 m. from Hebron, 
with tourmaline. 

The name is from blunt, and y6vv, angle. 

Hebronite. — The mineral from Hebron, Me. (see above), has been 
shown by DesCloizeaux to differ in optical character (v > />) from the 
Penig amblygonite. On this ground, as well as on account of a variation 
in the composition, it has been proposed (v. Kobell) to make it a new species. The same 
optical character and composition belong to the mineral from Montebras (called montebraeite 
on the basis of an erroneous analysis). Analysis of hebronite, Pisani, P-O a 46*65, AlOa 
86*00, Li-jO 9*75, H a O 4*20, F 5*22=101 *82. 

Herderite. — Supposed to be an anhydrous aluminum -calcium phosphate, with fluorine. 
Color yellowish-white. Ehrenfriedersdorf. 

Durangite. — Monoclinic Cleavage prismatic (110° 10 ). H.=5. G. =3*937-4*07. Color 

bright orange-red. Analysis, Hawes, Arsenic pentoxide 53*11, alumina 1719, iron sesqui- 
oxide 9*23, manganese sesquioxide 2 08, soda 13*06, lithia 0*65, fluorine 7*67=102*99. 

Formula R 3 RAb 2 0* (with one -ninth of the oxygen replaced by fluorine), or RAs 2 0 8 + 2RF. 
Here R=Na : Li=10 : 1; tt=Al : Fe : Mn = 15 : 5 : 1. Other varieties, having a lighter color, 
have A1 : Fe=5 : 1. Occurs with cassiterite, near Durango, Mexico (Brush). 



Anhydrous Antimonates. 


Monimolite. — Mainly an an timon ate of lead. Yellow. G.=5*94. Paisberg, Sweden. 
Nadokite. — PbSb.O* + PbCl a . In yellow translucent crystals. H. =3. G. =7*02. Djebel- 
Nador, province of Constantine, Algiers. 

Romeite. —An antimonate (or antimonite) of calcium. Occurs in groups of minute tetra- 
gonal crystals. Color yellow. St. Marcel, Piedmont. 

Rivotite. — Contains antimonic oxide, carbon dioxide, and copper. Amorphous. Coloi 
yellowish-green. Sierra del Cadi. 

Stibioferrite. — Amorphous coating on stibnite, from Santa Clara Co., Cal. Mixture (?). 


. Hydrous Phosphates, Arsenates, etc. 

FHARMAOOUTB. 

Monoclinic. lA 7=111° 6', i-i A i-2 = 109° 26', lAl = 117° 24'. 
Cleavage: i-i eminent. One of the faces 1 often obliterated by the exteu 
sion of the other. Surfaces i-i and i- 2 usually striated parallel to theii 
mutual intersection. Rarely in crystals; commonly in delicate silky fibres 
or acicular crystallizations, in stellated groups. Also botryoidal and stalac* 
titie, and sometimes massive. 
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H.=;2-2*5. G.= 2-64— *2*73. Lustre vitreous ; on i-l inclining to pearly 
Color white or grayish ; frequently tinged red 
by arsenate of cohalt. Streak white. Trans- 
lucent — opaque. Fracture uneven. Thin lami- 

nae flexible. 

Comp.— 2HCaAs0 4 -h5aq= Arsenic pentoxide 51*1, lime 
84*9, water 24*0=100. 

Fyr., etc. — In the closed tube yields water and becomes 
opaque. B.B. in O.F. fuses with intumescence to a white 
enamel, and colors the flame light blue ^arsenic). On char- 
ooal in R.F. gives arsenical fum u s, and fuses to a semi transparent globule, sometimes tinged 
blue from traces of cobalt. The ignited mineral reacts alkaline to test paper. Insoluble in 
water, but readily soluble in acids. 

Obs. — Found with arsenical ores of cobalt and silver at Witticheu, Baden ; at Andreasberg, 
and at Itiechelsdorf and Bieber ; at Joachimsthal. 

This species was named, in allusion to its containing arsenic, from tpap/iaKou , p/won. 

Struvite. — A n ammonium-magnesium phosphate containing 12 equivalents of water. In 
gnano from Saldanha Bay, Africa. 

Haiiungerite. — HC aAs0 4 +aq.= Arsenic pentoxide 58*1, lime 28*3, water 13 0 = 100. 
Joachimsthal (?). 

Brusiiite. — HC aP0 4 (R: l P.0 l ,)4-2aq=: Phosphorus pentoxide 41*3, lime 32*0, water 0*1 = 
100. Monoclinic. G.=2 208. On guano at Aves Island and Sombrero. 

Metabuusiiite. — 21ICuP0 4 +3aq. G. =2*35. Sombrero. Ornitiiritk. Probably altered 
brushite. 

CnUROllITE. — R :i PvOH+4aq, with R=Ce(Di),Ca. Cornwall. 

Wappeerite {Frenzel). — Triclinic. In minute crystals and in incrustations. Color white. 
Composition H.Ca.Mg)As0 4 -h7aq = (Ca : Mg=4 : 3) arsenic pentoxide 487, lime 13*5, mag' 
nesia 7 3, water 30 5 = 100. Found with pharmacolibe at Joachimsthal. Schrauf states that 
rcesslerite is a pseudomorph after wapplerite. 

Hiernesite. — M onoclinic. Color snow-white. Composition Mg 3 As u 0 8 -h8aq. From the 
Banat. 

Picbopharmacolite. — M onoclinio. Ca 8 (Mg a )Asj08+6aq. Riechelsdorf ; Freiberg: 


VTVTANTTE. 

Monoclinic. C = 75° 34:', I A I = 108° 2', 1 A 1 = 120° 26', 

*935792 : 1*33369 : 1 ; v. Rath. Surface i-i smooth, others 
striated. Cleavage : i-i, highly perfect ; i-i and i-i in 077 

traces. Often reniforin and globular. Structure diver- 
gent, fibrous, or earthy ; also incrusting. 

II. =1*5-2. G.=2*58-2 # 68. Lustre, iA pearly or me- 
tallic pearly ; other faces vitreous. Color white or color- 
less, or nearly so, when unaltered ; often blue to green, 
deepening on exposure; usually green when seen per- 
pendicularly to the cleavage-face, and blue transversely ; 
the two colors mingled, producing the ordinary dirty blue 
color. Streak colorless to bluish-white, soon changing to 
indigo-blue; color of the dry powder often liver-brown. 

Transparent — translucent; becoming opaque on expo- 
Bure. Fracture not observable. Thin laminae flexible. 

Sectile. 

Comp.— FetPaO » + 8aq= Phosphorus pentoxide 28*3, iron protoxide 43*0, water 28*7=100 
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Pyr., etc. — In the closed tube yields neutral water, whitens and exfoliates. B.B. fuses at 
1*5, coloring the flame bluish- green, to a grayish-black magnetic globule. With the fluxes 
reacts for iron. Soluble in hydrochloric acid. 

Diffc— Distinguishing characters : deep-blue color; softness; solubility in acid. 

Obs.— Occurs associated with pyrrhotite and pyrite in copper and tin veins ; in bedB of 
clay, and sometimes associated with limonite, or bog iron ore; often in cavities of fossils or 
buried bones. Occurs at Wheal Falmouth, and elsewhere in Cornwall; in Devonshire, near 
Tavistock • at Bodenmais. The earthy variety, called blue iron earth or native Pruman blue 
occurs in Greenland, Carinthia, Cornwall, etc. At Cransac, France. 

In N. America, it occurs in New Jersey, at Allentown ; at Franklin. Also in Delaware, near 
Middletown; near Cape Henlopen. In Maryland , in the north part of Somerset and Wor- 
cester Cos. In Virginia , in Stafford Co. In Canada , with limonite at Vandreuil, abundant. 

Ludlamite {Field). — Monoclinic. H.=3*4. G.=3*12. Color clear green, from pale to 

dqrlr Transparent, brilliant. Composition 2Fe 3 Pv0 8 -+• H 2 FeOj + 8aq= Phosphorus pentoxide 
29*88, iron protoxide 53*06, water 17*06=100. Cornwall. 

BRYTHHXTB. Cobalt Bloom. Kobaltbluthe, Germ. 

Monoclinic. C = 70° 54', I A I = 111° 16' O A l-l == 146° 19'; c : l : d 
= 0*9747 : 1*3818 : 1. Surfaces i-i and 1 -i vertically 
678 striated. Cleavage : i-l highly perfect, i-i and 1 i indis- 

tinct. Also in globular and reniform shapes, having a 
drusy surface and a columnar structure ; sometimes stel- 
late. Also pulverulent and earthy, incrusting. 

II.=l*5-2*5 ; the lowest on iA G.~ 2*948. Lustre 
of iri pearly ; other faces adamantine, inclining to vitre- 
ous; also dull and earthy. Color crimson and peach- 
red, sometimes pearl- or green ish-gray ; red tints incline 
to blue, perpendicular to cleavage-face. Streak a little 
paler than the color ; the dry powder deep lavender- 
blue. Transparent — subtranslucent. Fracture not ob- 

Schneebeig. servable. Thin laminae flexible in one direction. Seetile. 

Oomp. — Co* As.jO s +8aq = Arsenic pentoxide 88*40, cobalt oxide 37*56, water 24 04 ; Co 
often partly replaced by Fe,Ca, or Ni. 

etc. — In the closed tube yields water at a gentle heat and turns bluish ; at a higher 
heat gives off arsenous oxide, which condenses in crystals on the cool glass, and the residue 
has a dark gray or black color. B.B. in the forceps fuses at 2 to a gray bead, and colors the 
flame light blue (arsenic). B.B. on charcoal gives an arsenical odor, and fuses to a dark gray 
arsenide, which with borax gives the deep blue color characteristic of cobalt. Soluble in 
hydrochloric acid, giving a rose-red solution. 

Obs. — Occurs at Schneeberg in Saxony ; at Saalfeld in Thuringia ; Wolfach and Wittichen 
in Baden; Modum in Norway; at Allemont in Dauphiny; in Cornwall, at the Botallack 
mine, etc. 

Erythrite, when abundant, is valuable for the manufacture of smalt. Named from ipvdpes, 

red. 

Roselite. * — T riclinic (Schrauf). Usually in complex twin crystals. H. =3 *5. G. =8 *585 
-8*738. Color rose-red. Composition R 3 AsjOa-i-2aq (or 3aq), with R=Ca,Mg, and Co. Ana- 
lysis, Winkler, As^O* 49*96, CoO 12*45, CaO 23*72, MgO 4*67, H a O 9*69=100*49. Found at 
Schneeberg, Saxony ; the crystals from the Daniel Mine have a lighter color than those of the 
Rappold Mine, the latter containing less cobalt and more calcium. 

Winklehite. — C ontains AsaC^Cu^OjFe^o^ijCa^aOjCOa, etc. Mixture(?). Pria, 
Spain. 

KSttigite. — N ear erythrite, but contains zinc. Schneeberg. 

Annabekuite (NickelblUthe, Germ.). — Ni 3 As 2 0 8 f8aq= Arsenic pentoxide 88 6, nickel 
oxide 87 2, water 24*2=100. Soft, earthy. Color apple-green. AUemont; Annaberg ; 
Riechelsdorf. 

Hureaulite. — A hydrous iron-manganese phosphate, occuring in cavities in triphylite 
at Limoges, France. 

Ciiondr absen ITS. — Y ellow grains in barite ; probably a manganese arsenate. Paisberg, 
Sweden. 
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lebethenite. 

Orthorhombic. I A 7= 92° 20', 0 A 1-i = 143° 50' ; 6 : b d = 0*7311 

1*04:10 : 1. Crystals usually octahedral in aspect. 

Cleavage: diagonal, i-i, i-i, very indistinct. Also globu- 
lar or reniform, and compact. 

H.=4. G.=3*6-3*8. Lustre resinous. Color olive- 
green, generally dark. Streak olive-green. Translucent, 
to subtranslucent. Fracture subconchoidal — uneven. 

Brittle. 

Comp — Cu^PaOtf-f aq, or Cu 0 P 2 O fl -|-H 2 CuOj (Hamm )=Phosphorus 
pentoxide 29 7, copper oxide 06 5, water 3 8= 100. 

. Fyr., etc. — In the closed tube yields water and turns black. B. B. 
fuses at 2 and colors the flame emerald -green. On charcoal with soda 
gives metallic copper, sometimes also an arsenical odor. Fused with 
metallic lead on charcoal is reduced to metallic copper, with the forma- 
tion of lead phosphate, which treated in R.F. gives a crystalline polyhedral bead on cooling. 
With the fluxes reacts for copper. Soluble in nitric acid. 

Obs. — Occurs at Libethen, in Hungary ; at Rheinbreitenbach and Ehl on the Rhine ; at 
Nisohne Tagilsk in the Ural ; in Bolivia ; Chili 

OLIVENITE. 

Orthorhombic. I A I = 92° 30', O A 1-i = 144° 14' ; c : l : d = 0*72 : 

1:0446 : 1. Cleavage: I and 1 -t in traces. Sometimes aei- 
cular. Also globular and reniform, indistinctly fibrous, 080 

fibres straight and divergent, rarely promiscuous; also 
curved lamellar and granular. u 

11. =3. G. = 4*l-4*4. Lustre adamantine — vitreous; of 
some fibrous varieties pearly. Color various shades of olive- 
green, passing into leek-, siskin-, pistachio-, and blackish- i * 

green; also liver- and wood-brown; sometimes straw-yellow 
and grayish- white. Streak olive-green — brown. Subtrans- 
parent — opaque. Fracture, when observable, conchoidal — 
uneven. Brittle. 



Comp. — Cu 4 A 8 a O«-f aqr=Cu l A8a0 8 H-H a Cu0i (Ramm.)= Arsenic pentoxide 40*66, coppei 
oxide 56 *15, water 3* 19=100. 

Pyr., etc. — In the closed tube gives water. B. B. fuses at 2, coloring the flame bluish-green, 
and on oooling the fused mass appears crystalline. B.B. on charcoal fuses with deflagration, 
gives off arsenical fumes, and yields a mefcaUic arsenide, which, with soda yields a globule of 
oopper. With the fluxes reacts for copper. Soluble in nitric acid. 

Obs. — The crystallized varieties occur in many of the Cornwall mines ; near Tavistock in 
Devonshire ; also at Alston Moor in Cumberland ; at Camsdorf and Saalfeld in Thuringia ; the 
Tyrol; the Banat; Siberia; Chili; and other places. 

Adamite. — Z n> As -O* 4 - H;ZnOj= Arsenic pentoxide 40*2, zinc oxide 50 *7, water 31=100. 
Color yellow. Chanarcillo, Chili ; Cap Garonne. 

Tagilite — C n 4 P a Oi, + 3aq (=Cu ; ,P 2 o«-f-Ii.CuOj-f-2aq). Color emerald-green. Nischne- 
Tagilsk. Isoclasite. CaiP^On-hSaq (=Ca 3 PjOt,-j-H a CaOa-H4aq). Colorless to snow-white. 
Joachim 8 thal. 

Eochroiie. — C uaAsjOs+HjCuOi-fflaq (Ramra.)= Arsenic pentoxide 34*1, copper oxide 
47*2, water 18*7=100. Color emerald-green. Libethen, Hungary. 

Chlokotile. — C u 3 As 2 0 B -i-6aq. In capillary crystals. Also fibrous ; massive. C-olor apple- 
green. In quartz at Schneeberg and Zinnwald ; Thuringia ; Chili ( Frenzel ). 

Veszelyite ( Schrauf ). — A hydrous copper phosphate ; composition 4 Cu B PuOg-f 5aq. Tri- 
clinic. Occurs in crystalline crusts on a garnet-rock at Morawicza in the Banat. 
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XJROCONITE. Linsenerz, Germ. 

Mbnoclinic. 7 a 7=74° 21', DesCl. 67=88° 33'. Cleavage lateral, 
but obtained with difficulty. Rarely granular. 

H.=2-2 # 5. G.=2-88-2*98. Lustre vitreous, inclining to resinous. 

Color and streak sky-blue — verdigris-green. Fracture imperfectly ron- 
ehoidal, uneven. Imperfectly sectile. 

Comp — Formula Cu,(Al) Asa(P a )0ft+H fl (Cu 8 ,Al)08 4-Oaq, with Cu 8 : Al=3 : 2, and As r 
P=1 : 4. This requires arsenic pentoxide 23 *1, phosphorus pentoxide 3 *6, copper oxide 35 '9 
alumina 10*3, water 27-1=100. 

Fyr., etoi — In the closed tube gives much water and turns olive-green. B.B. cracks open, 
out does not decrepitate ; fuses less readily than olivenite to a dark gray slag; on charcoal 
cracks open, deflagrates, and gives reactions like olivenite. Soluble in nitric acid. 

Obs. — With various ores of copper, pyrite, and quartz, at Wheal Gorland, Wheal Muttrell, 
etc., in Cornwall; also in minute crystals at Herrengrund in Hungary; and in Voigtland. 

Pseudomalacjiite Phonphochalcite. — CueP.On -f3aq=Cu 3 Pi i 0 8 -|-3HjCu0a = Pa0b 21 1, 
CuO 70 *0, H s O 8'0=100. Triclinic (Schrauf). G. =4 34. Color emerald-green. Related 
sub-species: Ehlite {Prasine)^ Cu :) PuOB+2H^CuO;-}-aq (Itamm.) ; Diiiydrite, Cu 3 P a O«jH- 
2H a CuO a . Ehl, near Linz, on the Rhine ; Libethen, Hungary ; Nischne Tagilsk ; Cornwall. 

Ekinite. — Cua As a O a 2H a CuO a . In mammillated crystalline groups. Color green. Corn- 
wall. 

Cornwallite. — C u 6 AB a Oi 0 -f 3aq (=Cu 3 As a O B -f 2H a CuO a + aq). Amorphous. Color green. 
Cornwall {Church). 


Psittacinite. — Occurs in thin crypto-crystalline coatings, sometimes having a botryoidal 
structure ; also pulverulent. Color siskin green to olive-green. Formula 2R 3 V.,OB + 3H 1 :CuO a 
-fOaq, with R=Pb : Cu=3 : 1. This requires : Vanadium pentoxide 19 32, lead oxide 5315, 
copper oxide 18 '95, water 8 58= 100. Found at the gold mines in Silver Star District. Mon- 
tana (Genth. Am. J. Sci., III., xii., 35, 187(3). 

MoTTKAMlTE. — Occurs as a thin crystalline incrustation, which is sometimes velvety, con- 
sisting of minute crystals ; more generally compact H. =3. G. =5*894. Color black by 
reflected light, in thin particles yellowish, translucent (crystals) ; purplish-brown, opaque, 
(compact). Formula (Pb,Cu) 3 V a O w -f 2H a (Pb,Cu)Oj, which requires vanadium pentoxide 18*74, 
copper oxide 20*39, lead oxide 57*18, water 3 *09 = 100. Related to dihydrite and *»rinite. 
Found in Keuper sandstone at Alderloy Edge and Mottram St. Andrew’s, in Cheshire, 
England (Roscoe, Proc. Roy. Soc., xxv., III., 1876). 

Volborthite. — R 4 V a Og-f aq, with R=Ca : Cu=2 : 3 (or 3 : 7), Ramm. From the Ur ala. 
Kalk-volborthit (Gmn.), Friedrichsrode, contains calcium. 


OUN OCL A SITE . Strahlerz, Germ. 

Monoclinic. O = 80° 30', 7a 7, front, = 50°. Cleavage : basal, highly 
perfect. Also massive, hemispherical, or reuiform"; 
681 structure radiated fibrous. 

H.=2*5-3. G.=4*19-4 # 36. Lustre: O pearly; 

elsewhere vitreous to resinous. Color internally dark 
verdigris-green ; externally blackish-blue green. Streak 
bluish-green. Subtranslueent. Not very brittle. 

Comp.— Cu 8 As a O ! »4'3H a CuO s =Ar8enic pentoxide 30*2, conpei 
oxide 62 *7, water 7 1=100. 

Pyx., ete. — Same as for olivenite. 

Obs. — Occurs in Cornwall, with other ores of copper, at several 
mines. Also found in the Erzgebirge 

Tybolite (Kupferschaum). — A hydrous arsenate of copper (On» 
As.Oio-hR&q), containing also calcium carbonate (as an impurity ? ) 
Color pale apple-green. Libethen, Hungary ; Schneeberg, etc. 
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Chalcophyllitk (Copper mica; Kupferglimmer, Germ. ).— Cu,As 9 0,4 5H 8 CuO a + 7H a O= 
Arsenic pentoxide 21*3, copper oxide 58*7, water 20 0=100. Copper mines of Cornwall 
Hungary ; Moldawa. * 


LAZ UJLITE. Blauspath, Germ, 

, Monoclinic. G= 88° 15', IaI — 91° 30', O A 1-i = 1 39° 45', Priifer ; 
c : b : d = 0-86904 : 1-0260 : 1. Twins : twiuuing-plaue i-i ; also O. Cleav- 
age : lateral, indistinct. Also massive. 


688 883 884 



IL=5-6. G.= 3*057, Fuchs. Lustre vitreous. Color azure blue ; com- 

monly a fine deep blue viewed along one axis, and a pale greenish-blue 
along another. Streak white. Subtranslucent — opaque. Fracture uneven* 
Brittle. 

Oomp. — RAlP.j0 u H-aq=AlP 2 0 8 +H u 'Mg,Fe)0a (Dana) = Phosphorus pentoxide 40 8, alu- 
mina 34 0, magnesia 13 2, water 0 *0=100. 

Pyr., etc. — In the closed tube whitens and yields water. B.B. with cobalt solution the 
blue color of the mineral is restored. In the forceps whitens, cracks open, swells up, and 
without fusion falls to pieces, coloring the flame bluish-green. The green color is made more 
intense by moistening the assay with sulphuric acid, With the fluxes gives an iron glass ; 
with soda on charcoal an infusible mass. Unacted upon by acids, retaining perfectly its blue 
color. 

Diff. — Characterized by its fine blue color; blue flame B.B. 

Obs. — Occurs near Werfen in Salzburg; in Gratz, near Vorau ; in Krieglach, in Styria; at 
Hochthiiligrat, at the Gorner glacier, in Switzerland ; in Horrsjoberg, Wermland ; Westana, 
Sweden ; also at Tijuco in Minas Geraes, Brazil. Abundant at Crowder’s Mb., Lincoln Co., 
N. C.; and on Graves Mt., Lincoln Co., Ga., 50 m. above Augusta. 

SCORODITE. 

Orthorhombic. 1 A 1 — 98° 2', O A 1-i = 132° 20'_; c:l:& = 1-0977 . 
1T511 : 1, Miller. Cleavage : i-i imperfect, i-i and i-i in 
traces. 

II. =3*5-4. G.=3*l-3'3. Lustre vitreous — subadaman- 
tine and subresinous. Color pale leek-green or liver-brown. 

Streak white. Subtransparent — translucent. F racture 

uneven. 

Oomp. — FeAs 2 0 8 +4aq= Arsenic pentoxide 49*8, iron sesqnioxide 
84*6, water 15*6=100. 

Pyr., etc. — In the closed tube yields neutral water and turns yeUow. 

B.B fuses easUy, coloring the flame blue. B.B. on charcoal gives 
arsenical fumes, and with soda a black magnetic scoria. With the fluxes 
reacts for iron. Soluble in hydrochloric acid. 
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Obi, — Found at Schwarzenberg in Saxony ; at Nertschinsk. Siberia ; Dembach in Nassau ; 
in the Cornish mines ; at the Minas GeraeB, in Brazil ; in Popayan; at the gold mines of Vic- 
toria in Au» bralia. Occurs in minute crystals and druses, near Edenville, N. Y. ; in Oabarraa 
Oo„ N. C. 


WAVELLITB. 

Orthorhombic. I A T- 126° 25', 0 A 14 = 143° 23' ; i : l : d = 0-7431 
: 1*4943 : 1. Cleavage : 1 rather perfect ; also brachydia- 
gonal. Usually iu hemispherical or globular concretions, 
having a radiated structure. 

H.=3*25-4. G.=2*316-2*337. Lustre vitreous, inclin- 
ing to pearly and resinous. Color white, passing into yel- 
low, green, gray, brown, and black. Streak white. Trans- 
lucent. 

Oomp — Al 8 P40io,12aq=2AlP 2 08 + HflA:106-f 9aq=Phosphorus pentox- 
ide 85*16, alumina 3810, water 26*74=100 ; 1 to 2 p. c. fluorine is often 
present, replacing the oxygen. 

Pyr. , eto — In the closed tube gives off much water, the last portions 
of which react acid and color Brazil-wood paper yellow (fluorine), and 
also etch the tube. B B. in the forceps swells up and splits frequently into fine acicular 
particles, which are infusible, but color the flame pale green ; moistened with sulphuric acid 
the green becomes more intense. Gives a blue with cobalt solution. Some varieties react 
for iron and manganese with the fluxes. Heated with sulphuric acid gives off fumes of fluo- 
hydric acid, which etch glass. Soluble in hydrochloric acid, and also in caustic potash. 

Biff- — Distinguished from the zeolites and from gibbsite by itB giving a phosphorus reac- 
tion; it dissolves in acid without gelatinization. 

Obs. — Found near Barnstaple, Devonshire; at Clonmel and Cork, Ireland; in the Shiant 
Isles of Scotland ; at Zbirow in Bohemia; Zajecov in Bohemia; at Frankenberg and Langen- 
striegis, Saxony ; Diensberg, near Giessen, Hesse Darmstadt ; in a manganese mine in Wein- 
baoh, near Weilburg, in Nassau ; at Villa Itica, Minas Geraes, Brazil. In the United States, 
at the slate quarries of York Co., Pa.; at Washington mine, Davidson Co., N C.; at White 
Horse Station, Chester Co. , Pa ; Magnet Cove, Ark. 

ZEPIIAROVICHITK. — Near wavellite. Composition AlPoOn 4- 6aq (or 5aq, Ramm.). Compact. 
Color greenish to grayish. Occurs in sandstone at Trenic, Bohemia. 

Cceruleolactite. — Crypto-crystalline. Color milk-white to light blue. Composition 
(Petersen) AlaP^OjB + lOaq. Katzenellnbogen. Nassau. Also Chester Co., Penn. (Genth, 
who regards the copper, 4 p. o., as belonging to the mineral.) 


PHARMACOSEDERITE. Wiirfelerz, Germ. 

Isometric ; tetrahedral. Crystals modified cubes and tetrahedrons. 
Cleavage: cubic, imperfect. O sometimes striated parallel to its edge of 
intersection with plane 1 ; planes often curved. Rarely granular. 

H.=2*5. G.=2*9-3. Lustre adamantine to greasy, not very distinct 

Color olive-green, passing into yellowish-brown, bordering sometimes upon 
hyacinth-red and blackish-brown; also passing into grass-green, emerald- 
green, and honey -yellow. Streak green — brown, yellow, pale. Subtraus- 
parent — subtranslucent. Rather sectile. Pyroelectric. 

Oomp — Fe4A8«0.i,,15aq=3FeA8o0 8 +HflFe0 B + 12H a O=Arsenic pentoxide 43*13, iron 
•mquioxide 40*00, water 16 *87=100. 

Pyr., eto. — Same as for scorodite. 

Obi.- -Formerly obtained at the mines of Wheal Gorland, Wheal Unity, and Carharrack, 
In Cornwall ; now found at Burdle Gill in Cumberland ; in minute tetrahedral crystals at 
Wheal Jane ; also in Australia ; at St. Leonard in I ranee and at S*aneeberg and Schwar* 
sen berg in Saxony. 
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Named from (pipneucov , poison (in allusion to the arsenic present), and iron. Wurfd 

erz. of the (iermans, means cube-ore. 

Rhagite ( Weisbach) .-—Composition Bi 10 A 84 O 2 B+ 9 aq= 2 BiAsO 4 +tOT 3 BiO s =Arsenio pent- 
oxide 15 (5, bismuth oxide 78*9, water 5 ’5 =100. Spherical crystalline aggregates. Color 
bright green. Schneeberg, Saxony. 

Plhmbogummite. — Composition uncertain. Contains essentially alumina, lead, water, 
and phosphorus pentoxide. Huelgoet ; Cumberland ; Mine la Motte, Mo. 


OHILDRBNITE.* 

Orthorhombic. 1 A /= 111 0 54', 0 A 1-i = 136° 26' ; i : 3 : d = 0*9512 
1*4798 : 1. Plane O sometimes wanting, and the form a double six- 
sided pyramid, made up of the planes 1, 2-2, with i-i small. Cleavage : i-i, 
imperfect. 



H.=4*5-5. G.— 3*18-3*24. Lustre vitreous, inclining to resinous. 
Color yellowish- white and pale yellowish-brown, also brownisli-biack. 
Streak white, yellowish. Translucent. Fracture uneven. 

Oomp. — Formula somewhat uncertain. Analysis: Rammelsberg, PjO& 28 92, A10 a 14 '44, 
FeO 80-68, MnO 9*07, MgO 014, H,0 16 '98=100 '28. 

Pyr., etc. — In the closed tube gives off neutral water. B.B. swells up into ramifications, 
and fuses on the edges to a black mass, coloring the flame pale green. Heated on charcoal 
turns black and becomes magnetic. With soda gives a reaction for manganese. With borax 
and salt of phosphorus reacts for iron and manganese. Soluble in hydrochloric acid. 

Obg. — Occurs near Tavistock ; also at Wheal Crebor, in Devonshire ; on slate at Crinnis 
mine in ComwaU. Hebron, Me. (f. 688.). 


TCJRQUOIS. Callaite. Kallait, Kalait, Germ. 

Reinform, stalactitic or incrueting. Cleavage none. 

H.=6. (4. = 2*6-2*83. Lustre somewhat waxy, feeble. Color sky-blue, 

bluish-green to apple-green. Streak white or greenish. Feebly subtraus- 
lucent — opaque. Fracture small conchoidal. 

Oomp. — Hydrous aluminum phosphate, perhaps Al a PuOn-|-5aq=Phosphoius pentoxide 
32 ‘6, alumina 46-9, water 20*5=100 

Pyr., etc — In the closed tube decrepitates, yields water, and turns brown or black. B.B. 
in the forceps becomes brown and assumes a glassy appearance, but does not fuse ; colors 
the flame green ; moistened with hydrochloric acid the color is at first blue (copper chloride). 
With the sodium test gives phosphuretted hydrogen. With borax and salt of phosphorus gives 
beads in O.F. which are yellowish green while hot, and pure green on cooling. With salt of 
phosphorus and tin on charcoal gives an opaque red bead (copper). Soluble in hydrochloric 
acid. 

Obs.— Occurs in clay slate in a mountainous district in Persia, not far from Niohabonr. 
According to Agaphi, the only naturalist who has visited the locality, turquois occurs only in 
veins, which traverse the mountain in all directions. An impure variety is found in Silesia, 


378 


DE8CEIPTTV JS MINES ALOUT . 


and at Oelsnitz in Saxony. W. P. Blake refers here to a hard yellowish- to bluish -gTeen stone 
(which he identifies with the chalchihuitl of the Mexicans) from the mountains Los Cerillas, 
20 m. S. E. of Santa F6. A pale green turquois occurs in the Columbus district, Nevada. . 

Turquois receives a good polish, and is highly esteemed as a gem. The Persian king is 
said to retain for his own use all the larger and finely tinted specimens. 

Pbganite. — Composition AlaP«Ou -p6aq = Phosphorus pentoxide 31 1, alumina 31*1, 
water 23 7= 100. Striegis, Saxony. 

Duprenitk. —Composition Fe a P<On-l-3aq (FeP 2 O,i+H 0 FeO6) = Phosphorus pentoxide 
27*5, iron sesquioxide 62*0, water 10*5=100. Anglar, Dept, of Haute Vienne; Hirschberg, 
Westphalia ; Allentown, N. J. In deposits of nodules 1 to 6 in. thick, in Rockbridge Co., Va 

Andrew site. — In globular forms, having a radiated structure. H.=4. G. =3*475. 
Color dark green. Analysis, Flight, PaOs 26 *09, FeO a 44*64, A10 a 0*92, CuO 10*86, Fe07*ll, 
MnO 0*60, CaO 0*09, Si0 9 0 *49, H a O 8*79=99 *59. In a tin lode, West Phenix mine, near 
Liskeard, Cornwall. 

Chalcosiderite. — In bright green crystals (triclinic) on Andrewsite (see above). H. = 
4*5. G.=3*108. Analysis, Flight, P a 0 6 29 93, As a 0 6 0*61, Fe0 8 42*81, A10 3 4*45, CuO 8*14, 
H a O 15*00, UOstr. =100*94. Also as a coating on dufrenite. Cornwall. Sayn, Westphalia. 

Henwoodite. — In globular forms, with a radiated structure. H. =4-4 5. G. =2*67. 
Color turquois-blue to bluish -green. B.B. Infusible. Analysis, P a O B 48*94, A10 3 18*24, 
FeO a 2*74, CuO 7*10, CaO 0 54, H a O 17*10, SiO a 1*37, loss 3*97=100. Occurs on limonite at 
the West Phenix mine, Cornwall (Collins^ Min. Mag., 1, p. 11). 

Cacoxen it e.— Supposed to be an iron wavellite. Composition FeJPaOu-f 12aq. In ra- 
diated tufts. Color yellow. Hrbeck mine, Bohemia. 

Arbeniosideritk.— Analysis by Church, As a 0 6 89*80, Fe0 3 35*75, CaO 15*53, MgO 0*18, 
K a O 0*47, H.O 7*87=99 66. Formula (Ramrn.) 2Ca3As a 0g4-FeAs 2 0 8 + 8HeFe0a. Ro- 
man6che. 

Atelestite. — Essentially a bismuth arsenate. In minute yellow crystals at Schneeberg. 


TORBBRNITE. Chalcolite. Kupfer-Uranit, Germ. 


Tetragonal. O A 1-i = 134° 8'; c = 1*03069. Forms square tables, with 
often replaced edges ; rarely suboctahedral. Cleav- 
age : basal highly perfect, micaceous. Unknown 
massive or earthy. 

H.=2-2*5. ^jt.= 3*4-3*G. Lustre of O pearly, of 
other faces subadamantine. Color emerald- and 
grass-green, and sometimes leek-, apple-, and sis- 
CornwaU. kin-green. Streak somewhat paler than the color. 

Transparent— suhtraiisluceiit. Fracture not ob- 
servable. Sectile. Laminse brittle and not flexible. Optically uniaxial ; 
double refraction negative. 



Oomp. — Q. ratio for R : U : P : 0=1 : 6 : 5 : 8; formula CuU 2 P 2 0i a + 8aq=2(UOj)sP’0 6 
H-CusPaO„-l-24aq. The formula requires: Phosphorus pentoxide 15*1, uranium tricxide 
81*2, copper oxide 8*4, water 15*3=100. 

Pyr., etc. — In the closed tube yields water. In the forceps fuses at 2*5 to a blackish mass, 
and colors the flame green. With salt of phosphorus gives a green bead, which with tin on 
oharcool becomes on cooling opaque red (copper). With soda on charcoal gives a globule of 
copper. Affords a phosphide with the sodium test Soluble in nitric acid. 

Obs. — Gunnis Lake, Tincroft and Wheal Buller, near Redrutb, and elsewhere in Cornwall. 
Found also at Johanngeorgenstadt, Eibenstock, and Schneeberg, in Saxony ; in Bohemia, at 
Joachimsthal and Zinnwald; in Belgium, at Vielsalm. 

Both this species and the autunite have gone under the common name of urarUte ; the 
former also as Copper-uranUe , the latter Lime-uranite, 
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AUTUNITE.* Uranit; Kalk-Uranglimmer, Kalk-Uranit, Germ. 


Orthorhombic ; but form very nearly square, and crystals resembling 
closely those of torbernite. Cleavage : basal eminent, as in torbernite. 

• 3‘f9- Lustre of 0 pearly; elsewhere subadaman- 

tine. Color citron- to sulphur-yellow. Streak yellowish. Translucent. 
Optically biaxial, DesCl. 


Oomp. — Q. ratio for B : U : P : H=1 : 6 : 5 : 10. Formula CaU a P a O ia + 10aq whioh mai 
bewritten 2(UO 9 ) 3 P a O 8 +OaaP 2 O 8+ 30aq. The formula requires : 
uranium tnoxide (UO*) 60*4, lime 5*9, water 18*8=100. P 

Pyr., etc. — Same as for torbernite, but no reaction for copper. 

ObB.-- Occurs at Johanngeorgenstadt ; at Lake Onega, Wolf Island, Russia; near Limoges; 
near Autun ; formerly at South Basset, Wheal Edwards, and near St. Day, England Occurs 
sparingly at Middletown, Ct. ; also in minute crystals at Chesterfield, Mass. ; at Acworth, 
X. H. 


TbOgeritk, — Composition TJg As a Oi 4 -1- 12aq= (U0 2 )sAs a 0g + 12aq. This requires : Arsenic 
pentoxide 17*6, uranium trioxide 65 '9, water 16*5=100. Monoclinic. In thin tabular crys- 
tals of a lemon-yellow color. Schneeberg, Saxony. 

Walpubgite.— C omposition Bi 1 oU 8 A8 4 034-+-12aq=(UO,) 3 As a 08-f2BiAs0 4 +8H:.,BiO a . This 
requires: Arsenic pentoxide 11*9, bismuth oxide (50 0, uranium brioxide 22*4, water 5 7 =100. 
Monoolinic. In thin scaly crystals. Color wax -yellow. Schneeberg, Saxony. 

Ukanospinite. — An arsenic autunite. Composition CaU a As a O ja + 8aq=2(UO_.)>As.O*-f 
0a a As ;2 08+24aq=Arsenic pentoxide 22*9, uranium trioxide 57*2, lime 5*6, water 14*3=100. 
Color green. Schneeberg, Saxony. Ukanosph/Euite. Color yellow. Analysis, Winkler : 
U 0 3 50*88, Bi a O s 44*34, H 2 0 4*75. Schneeberg. 

Zeunekite. — According to Winkler, an arsenic chalcolite, with which it is isomorphous. 
Composition CuU2AsaOi a -t-8aq=2(U02)3As a 08+CusAs 2 Oe+24aq=Arsenio pentoxide 22*3, 
uranium trioxide 56 0, copper oxide 7 7, water 14'0=100. Color bright green. Schneeberg, 
Zinnwald, Saxony; Cornwall. 


PlTTlClTE. — Iron-sinter. Composition uncertain, contains As,O fi , FeO a , SO s , H 2 0. DlA- 
bOCHlTE is similar, but contains P a O(j instead of Ab 2 0&. 


Hydrous Antimonates. 

Bindheimite (Bleinidre). — Amorphous, reniform, or spheroidal ; also earthy or incrusiing. 
H.=4. G. =4 *60-4 *76. Color white, gray, brownish, yellowish. Composition uncertain; 
analysis by Hermann: Sb 2 0 6 31*71, PbO 61*83, H a O 6 46=100. Results from the decompo- 
sition of other antimonial ores. From Nertschinsk in Siberia; Horhausen; near Endelliou 
in Cornwall, with jamesonite, from which it is derived. 


NITKATE8. 


The nitrates are all soluble, and hence are rarely met with in nature. They in< lude • 
Nitre, potassium nitrate (KNO a ). Found generally in crusts on the surface of the soil, on 
walls, rocks, etc. Also found in numerous caves in the Mississippi Valley. 

Soda Nitre, sodium nitrate (NaNO a ). Tarapaca, Chili. 

Nitrocalcite. calcium nitrate (CaN a O fl ). Occurs in silky efflorescences in limestone 
caverns. 

Nitromagnesite, magnesium nitrate (MgN a O«). From limestone caves. NlTBO* 
GLAUBKRTTK, nitro- sulphate of sodium. Desert of Atacama, Chili. 
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4 . BORATES. 

SASSOXJTB. 

Trielinic. 1 M' == 118° 30', Oa/= 95° 3', 0 A /' = 80° 33\ B. & M. 
Twins: composition-face 0. Cleavage: basal very perfect. Usually in 
small scales, apparently six-sided tables, and also in stalactitic forms, com- 
posed of small scales. 

H.=l. G.^1’48. Lustre pearly. Color white, except when tinged 

yellow by sulphur; sometimes gray. Feel smooth and unctuous. Taste 
acidulous, and slightly saline and bitter. 


Oomp. — H fl B a O#= Boron trioxide (B a 0 3 ) 56*46, water 43*54=100. The native stalactitic 
salt contains, mechanically mixed, various impurities, as sulphate of magnesium and iron, 
sulphate of calcium, silica, etc. 

Pyr., etc. — In the closed tube gives water. B. B. on platinum wire fuses to a clear glass 
and tinges the flame yellowish-green. Soluble in water and alcohol. 

Obs. — First detected in nature by Hofer in the waters of the Tuscan lagoons of Monte 
Rotondo and Castelnuovo, and afterward in the solid state at Sasso by Mascagni. The hot 
vapors of the lagoons consist largely of it. Exists also in other natural waters, as at Wies- 
baden ; Aachen; Krankenheil near Fobs; Clear Lake in Lake Co., California; and it has 
been detected in the waters of the ocean. Occurs also abundantly in the crater of Vulcano, 
one of the Lipari islands, forming a layer on sulphur and about the fumaroles, where it was 
discovered by Dr. HoUand in 1813. 


SUSSEXITE (Brush). 


In fibrous seams or veins. 

H.=3. G.=3 # 42. Lustre silky to pearly. Color white, with a tinge of 
pink or yellow. Translucent. 

Oomp. — R.B.Oa-f-aq, with R=Mn : Mg=4 : 3=Boron trioxide 84*3, manganese protoxide 
39 D. magnesia 16 ’9, water 8*9=100. 

Pyr., eto. — In the closed tube darkens in color and yields neutral water. If turmeric paper 
J3 moistened with this water and then with dilute hydrochloric acid it assumes a red color 
(boron). Fuses in the flame of a candle, and B.B. in O.F. yields a black crystalline maes 
coloring the flame intensely yellowish-green. Reacts for manganese with the fluxes. Soluble 
in hydrochloric acid. 

Obs — Found on Mine Hill, Franklin Furnace, Sussex Co., N. J.; associated with frankUn- 
ite, zincite, willemite, and other manganese nnd zinc minerals. 

Szaibelyite. — A hydrous magnesium borate, Mg 6 B 4 0n-l-3aq (or faq). Occurs in acicular 
crystals. Color white. Hungary. 

Ludwigite ( Tachermak ). — Finely fibrous masses. H. =5. G. =8*907-4*016. Color black 
isb-green to black. Composition R 4 FeBvO 10 , with R=Fe : Mg=l : 5, or 1 : 8. For the 
latter the formula requires : Boron trioxide 16 6, iron sesquioxide 87*9, iron protoxide 17*1, 
magnesia 28 *4. Occurs in a crystalline limestone with magnetite at Morawiczk in the Banat. 
also altered to limonite. 
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BORAOITE.* 


090 


Isometric; tetrahedral. Cleavage: octahedral, in traces. Cubic faces 
sometimes striated parallel to alternate pail’s of edges, as in pyrite. 

H.=7, in crystals; 4*5, massive. G.=2*974, Ilaidinger. Lustre vitro* 
ons, inclining to adamantine. Color white, inclining 
to gray, yellow, and green. Streak white. Sub- 
transparent — translucent. Fracture conchoidal, un- 
even. Pyroelectric, and polar along the four octa- 
hedral axes. 

Comp.— Mg T BieC1.0sa = 2Mg 8 B e Oi MgCl* = Boron trioxide 
62 57, magnesia 31*28, chlorine 7*93=101*78. 

Pyr., etc. — The massive variety gives water in the closed tube. 

B.B. both varieties fuse at 2 with intumescence to a white crys- 
talline pearl, coloring the flame green; heated after moistening 
with cobalt solution assumes a deep pink color. Mixed with copper oxide and heated on char* 
coal colors the flame deep azure-blue (copper chloride). Soluble in hydrochloric acid. Alters 
very slowly on exposure, owing to the magnesium chloride present, which takes up water. 

Obs. — Observed in beds of anhydrite, gypsum, or salt. In crystals at Kalkberg and Schild- 
stein in Liineberg, Hanover ; at Segeberg. near Kiel, in Holstein ; at Luneville, La Meurthe, 
France ; massive and crystallized at Stassfurt, Prussia. 



BORAX. Tinkol of India . 

Monoclinic. £7— 73° 25', IaI =87°, O A 2-i = 132° 49' ; c:b\d = 
0*4906 : 0 9095 : 1. Cleavage: i-i perfect; /less so; i-i in traces. 

II.=2-2’5. G. = l*716. Lustre vitreous — resinous; sometimes earthy. 
Color white; sometimes grayish, bluish, or greenish. Streak white. 
Translucent — opaque. Fracture conchoidal. Rather brittle. Taste sweet- 
ish-alkaline, feeble. 

Comp.— NaaB 4 O 7 +10aq=2(NaBO a -+-HBO,) -f9aq= Boron trioxide 80*6, soda 10*2, water 
47*2. 

Pyr., eto. — B. B. puffs up, and afterwards fuses to a transparent globule, called the glass of 
borax. Soluble in water, yielding a faintly alkaline solution. Boiling water dissolves double 
its weight of this salt. 

Obs. — Borax was originally brought from a salt lake in Thibet. It is announoed by Dr. J. 
A. Veatch as existing in the waters of the sea along the California coast, and in those of 
many of the mineral springs of California. Occurs in the mud of Borax Lake, near Clear 
Lake, Cal. Also found in Peru ; at Halberstadt in Transylvania ; in Ceylon. It occurs in 
eolation in the mineral springs of Chambly, St. Ours, etc. , Canada East. The waters of Borax 
Lake, California, contain, according to G. E. Moore, 535*08 grains of crystaUized borax to the 
gallon. 


UXjBXXTS. Boronatrocalcite . N atronborocalci te . 

In rounded masses, loose in texture, consisting of fine fibres, which are 
acicular or capillary crystals. 

H.=l. G.=l*65, N. Scotia, How. Lustre silky within. Color whiter 
Tasteless. 

Comp. — NaCaB ft 0 9 +5aq= Boron trioxide 49 7, lime 15*9, soda 8*8, water 25*0=100. 

Pyr., eto. — Yields water. B.B. fuses at 1 with intumesoenoe to a clear blebby glass, 
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lug the flame deep yellow. Moistened with sulphuric add the color of the flume is moment* 
arily changed to deep green. Not soluble in cold water, and but little so in hot ; the solution 
alkaline in its reactions. 

Ob*.— Occurs in the dry plains of Iquique, Southern Peru : in the province of Tarapaca 
(where it is called tusa)^ in whitish rounded masses, from a hazelnut to a potato in size, which 
consist of interwoven fibres of the ulexite, with pickeringite, glauberite, halite, gypsum, and 
other imparities ; on the West Africa coast ; in Nova Scotia, at Windsor, Brookville, and 
Newport (H. How), filling narrow cavities, or constituting distinct nodules or mammillattd 
masses imbedded in white gypsum, and associated at Windsor with glauber salt, the luBtre 
internally silky and the color very white ; in Nevada, in the salt marsh of the Columbus 
Mining District, forming layers 2-5 in. thick alternating with layers of salt, and in balls 3-4 
in. through in the salt. 

Bechilite. (Borocalcite). — An incrustation at the Tuscany lagoons. Composition CaB 4 Oi 
+ 4aq. Also similar from South America. Larderellite, Lagonite, rare borates from the 
Tuscan lagoons. 

Priceite {StfHman). — Compact, chalky. Color milk-white. Composition Ca 3 B e Oi B + 6aq. 
This requires : Boron tri oxide 49 *8, lime 29 9, water 20 *3 = 100. Occurs in layers between a bed 
of slate above and one of steatite below. Near Chetko, Curry Co., Oregon. 

Howlite, SUiooborocalcite . — A hydrous calcium borate (like bechilite), with one-sixth of 
a silicate analogous to danburite. Near Brookville, and elsewhere in Hants Co. , Nova Scotia, 
in nodules imbedded in anhydrite or gypsum ; these nodules sometimes made up of pearly 
crystalline scales. Winkwortiiite. In imbedded crystalline nodules from Winkwortb, N.S. 
In composition between selenite and howlite ; a mixture (?). 

Cryptomorpiiite. — Near ulexite in composition. In microscopic rhombic tables. Nova 
Scotia. 

LOneburgite. — A phospho-borate of magnesium. Flattened masses in gypsiferous marl 
at Liineburg. 


WARWIOKITE. 

Monoclinic. /a/=91° 20', DesCl. Usual in rhombic prisms with 
obtuse edges truncated, and the acute bevelled, summits generally rounded ; 
surfaces of larger crystals not polished. Cleavage: macrodiagonal per- 
fect, affording a surface with vertical striae and traces of oblique cross 
cleavage. 

H.=3-4. G.=3'19~3*43. Lustre of cleavage surface subinetallic-pearly 
to subvitreous ; often nearly dull. Color dark hair-brown to dull black, 
sometimes a copper-red tinge on cleavage surface. Streak bluish-black. 
Fracture uneven. Brittle. 

Oomp. — Essentially a borotitanate of magnesium and iron. Analysis, Smith, B a O a 27*80, 
TiO» 23-82, Fe0 3 7 02, MgO 80 80, SiO a 100, AlOs 2 21=98 05. 

Pyr., etc. — Yields water. B.B. infusible, but becomes lighter in water ; moistened with 
sulphuric acid gives a pale green color to the flame. With salt of phosphorus in O.F. a clear 
bead, yellow while hot and colorless on cooling; in RF. on charcoal with tin a violet color 
(titanium). With soda a slight manganese reaction. Decomposed by sulphuric acid ; the 
product, treated with alcohol and ignited, gives a green flame, and boiled with hydrochloric 
acid and metallic tin gives on evaporation a violet-colored solution. 

Ob*. — Occurs in granular limestone 2^ m. S. W. of Edenville, N. Y., with spinel, chondro- 
dite, serpentine, etc. Crystals usually small and slender; sometime* over 2 in. long and § in. 
broad. 
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5. TUNGSTATES MOLYBDATES, CHROMATES; 

WOLFRAMITE. 

Monoclinic. C = 89° 22', 7 A 7= 100° 37', i-i A = 118° 6', i-i A + W 
== 117° 6', 14a 1-1 = 98° 6', DcsOloizeanx. Cleavage: i-\ perfect, i-i 
imperfect Twins: planes of twinning i-i (f. 692), |4, and rarely -J-i. 
Also irregular lamellar; coarse divergent columnar; massive granular, the 
particles strongly coherent. 



H.=5-5*5. G. = 7*l-7*55. Lustre submetallic. Color dark grayish or 
brownish* black. Streak dark reddish-brown to black. Opaque. Sometimes 
weak magnetic. 


Var. — The most important varieties depend on the proportions of the iron and manganese. 
Those rich in manganese have G. =7*19-7 54, but generally below 7*25, and the streak is 
mostly black. Those rich in iron have G. =7*2-7*54, and a dark reddish-brown streak, and 
they are sometimes feebly attractable by the magnet. 

Oomp. — (Fe,Mn)WO,, Fe : Mn=2 : 3, mostly; also 4 : 1 and 2 : 1, 3 : 1, 5 : 1, etc. The 
ratio 2 : 3 corresponds to : Tungsten trioxide 76*47, iron protoxide 9 *49, manganese protoxide 
14*04=100. 

Pyr., etc. — B B. fuses easily (F.= 2*5-3) to a globule, which has a crystalline surface and 
is magnetic. With salt of phosphorus gives a clear reddish-yellow glasB while hot, which is 
paler on cooling; in B.F. becomes dark red ; on charcoal with tin, if not too saturated, the 
bead assumes on cooling a green color, which continued treatment in R.F. changes to reddish 
yellow. With soda and nitre on platinum foil fuses to a bluish-green manganate. Decom- 
posed by aqua regia with separation of tungsten trioxide as a yellow powder, which when 
treated B.B. reacts as under tungstite (p. 284). Wolfram is sufficiently decomposed by con- 
centrated sulphuric acid, or even hydrochloric acid, to give a colorless solution, which, 
treated with metallic zinc, becomes intensely blue, but soon bleaches on dilution. 

Diff.— Characterized by its high specific gravity and pyrognostics. 

Obs. — Wolfram is often associated with tin ores ; also in quartz, with native bismuth, 
scheelite, pyrite, galenite, blende, etc. ; and in trachyte, as at FelsObanya, in Hungary. It 
occurs at Schlackenwald ; Schneeberg ; Freiberg ; Ehrenfriedersdorf ; Zinnwald, and Nert- 
schinsk ; at Chanteloup, near Limoges, and at Meymac, Correze, in France ; near Kedruth 
and elsewhere in Cornwall ; in Cumberland. Also in S. America, at Oruro in Bolivia. 

In the U. States, occurs at Lane’s mine, Monroe, Conn. ; at Trumbull, Conn. ; on Camdage 
farm, near Blue Hill Bay, Me.; at the Flowe mine, Mecklenburg Co., N. C.; in Missouri, 
near Mine la Motte, and in St. Francis Co. ; at Mammoth mining district, Nevada. 

Hubnerite.* — A manganese wolframite, MnW0 4 = Tungsten trioxide 76 9, manganese 
protoxide 23*1 = 100. Mammoth dist., Nevada. 

Megabasite. — A manganese tungstate, with a little iron. Schlackenwald. 
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SCHEELITE. 


Tetragonal ; hemihedral. O A 1 -i = 123° 3 c = 1*5369. Cleavage : 1 

most distinct, 1-i interrupted, O traces. Twins; 
694 twinning-plane /; also i-i. Crystals usually octahe- 

dral in form. Also reniform with columnar struc- 
ture ; and massive granular. 

II. =4*5-5. G.= 5 *9-6*076. Lustre vitreous, in- 
clining to adamantine. Color white, yellowish-white, 
pale yellow, brownish, greenish, reddish; sometimes 
almost orange-yellow. Streak white. Transparent 
— translucent. Fracture uneven. Brittle. 



Oomp. — CaW0 4 = Tungsten trioxide 80*6, lime 19*4=100. A 
variety from Coquimbo, Chili, contained 0*2 p. c. vanadium pent- 
oxide ; another from Traversella contained didymium. 

Pyr., etc. — B.B. in the forceps fuses at 5 to a semi-transparent 
glass. Soluble with borax to a transparent glass, which after- 
ward becomes opaque and crystalline. With salt of phosphorus 
forms a ‘glass, colorless in outer flame, in inner green when hot 
and fine blue cold ; varieties containing iron require to be treated 
on charcoal with tin before the blue color appears. In hydro 
chloric or nitric acid decomposed, leaving a yellow powder soluble in ammonia. 

Di ff. — Remarkable among non-mefcallic minerals for its high specific gravity. 

Obs. — Usually associated with crystalline rocks, and commonly found in connection with 
tin ore, topaz, fluorite, apatite, molybdenite, wolframite, in quartz. Occurs at Schlacken* 
wald and Zinnwald in Bohemia; in the Riesengebirge ; at Caldbeck Fell, near Keswick; 
Neudorf in the Harz ; Ehrenfriedersdorf ; Posing in Hungary ; Traversella in Piedmont, eta 
LI am u co, near Chuapa in Chili. In the U. S., at Lane’s mine, Monroe, and Huntington, 
Conn.; at Chesterfield, Mass.; in the Mammoth mining district, Nevada; at Bangle mine, in 
Cabarras Co., N. C. ; and Flowe mine, Mecklenburg Co. 

CuPRoscnEEiiTTK. — A scheelite containing about 6 p. a copper oxide. Color bright green. 
La Paz, Lower California. Llamuco, near Santiago, Chili. 

Cuprotungstite.— A copper tungstate, CuiWO»+aq. Amorphous. Color yellowish- 
green. With cuproscheelite at the copper mines of Llamuco, Chili 

Stolzite. — PbW0 4 = Tungsten trioxide 51, lead oxide 49=100. Tetragonal. Zinnwald ; 
Bleiberg; Coquimbo, Chili 


WULFENTTE.* Gelbbleierz, Germ, 


Tetragonal. Sometimes hemihedral. 

098 090 


O A 1-i =123° 26'; c = 1-574. 

097 



In modified square tables and sometimes very thin octahedrons. Cleavage 
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1 very smooth ; 0 and J much less distinct. Also granularly massive, 
coarse or fine, firmly cohesive. Often hemihedral in the octagonal prisms, 
producing thus tables like f. 696, and octahedral forms having the prisma- 
tic planes similarly oblique. 

II. ==2*75-3. G. =6*03-7*01. Lustre resinous or adamantine. Color 
wax-yellow, passing into orange-yellow; also siskin- and olive-green, yel- 
lowish-gray, grayish- white, brown; also orange to bright red. Streak 
white. Subtransparent — subtranslucent. Fracture subconchoidal. Brittle. 

Var. — 1. Ordinary. Color yellow. 2. Vanadiferous. Color orange to bright red, a variety 
occurring at Plienixville, Pa. 

Comp. — PbMoOi = Molybdenum trioxide 3S*5, load oxide 015= 100. Some varieties 
contain chromium. 

Fyr., etc. — B.B. decrepitates and fuses below 2 ; with borax in O.F. gives a colorless glass, 
in K.F. it becomes opaque black or dirty green with black flocks. With salt of phosphorus 
in O.F. gives a yellowish-green glass, which in It F. becomes dark green. With soda on char- 
coal yields metallic lead. Decomposed on evaporation with hydrochloric acid, with the 
formation of lead chloride and molybdic oxide ; on moistening the residue with water and 
adding metallic zinc, it gives an intense blue color, which does not fade on dilution of the 
liquid. 

Obs. — This species occurs in veins with other ores of lead. Found at Bleiberg, etc., in 
Carinthia ; at Retzbanya ; at Przibram ; Schneeberg and Johanngeorgenstadt ; at Moldava; 
in the Kirghis Steppes in Russia ; at Badenweiler in Baden ; in the gold sands of Rio Chico 
in Antioquia, Columbia, S. A. ; Wheatley’s mine, near Phenixville, Pa.; at the Comstock lode 
in Nevada. In fine specimens from the Empire mine, Lucin IliRtrict, Box Elder County, 
Utah ; at Empire mine, Inyo Co., Cal. ; in the Weaver dist., Arizona. 

Eosite ( Schrauf In minute tetragonal octahedrons. Color deep-red. Probably a vana- 
dio-molybdate of lead. Leadhills, Scotland. 

Acn HEMATITE. — An' arsenio-molybdate of lead. Analysis, Ab, 0 5 18*25, MoO a 5 01, 01 
2*15, Pb 0 28, PbO 08 *31 = 100*00. Compact; structure indistinctly crystalline. II. =3-4. 
G. =5 *905, 0 *178 (powder). Color liver-brown, translucent ; in minute grains transparent and 
color yellow. Brittle. Guanacere, State of Chihuahua, Mexico. ( Mallet , J. Ch. Sue., xiii., 
1141, New Series ) 


CROCOITE. Crocoisite. Rothbleierz, UernL 


Monoclinic. 0= 77° 27', /A 1 = 93° 42', O A 14 = 138° 10' ; c : l : d 
= 0*95507 : 1*0414 : 1, Dauber. Cleavage: /toler- 
ably distinct; O and i-i less so. Surface / streaked 
longitudinally ; the faces mostly smooth and shin- 
ing. Also imperfectly columnar and granular. 

H. = 2*5-3. G. = 5*9-6*l. Lustre adamantine — 
vitreous. Color various shades of bright hyacinth- 
red. Streak orange-yellow. Translucent. Sectile. 


Comp. — PbCr0 4 =Lead oxide 69*0, chromium trioxide 31*0= 

100 . 

Pyr., etc. — In the closed tube decrepitates, blackens, but re- 
jovers its original color on cooling. B.B. fuses at 1*5, and on 
eharcoal is reduced to metallic lead with deflagration, leaving a 
residue of chromic oxide, and giving a lead coating. With salt 
of phosphorus gives an emerald-green bead in both flames. Fused 
with potassium bisulphate in the platinum spoon forms a dark 
violet mass, which on solidifying becomes reddish, and when 
uold greenish-white, thus differing from vonadinite, which on similar treatment 
yellow mass (Plattner). 

25 



gives a 
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Obs. — Pint found at Beresof in Siberia ; at Murainsk ani near Nischne Tagilsk in the 
Ural; in Brazil; at Retzbanya; Moldawa ; on Luzon, one of the Philippines. 


FHCBNXOOCHROITE. Melanochroite. 

Orthorhombic (?). Crystals usually tabular, and reticularly interwoven. 
Cleavage in one direction perfect. Also massive. 

II. = 3-8*5. G.=5*75. Lustre resinous or adamantine, glimmering. 

Color between cochineal- and hyacinth-red ; becomes lemon-yellow on 
exposure. Streak brick-red. Subtranslucent — opaque. 

Comp.— PbaCr-iO* ~2PbCrO, -f-PbOr- Chromium trioxide 23*0, lead oxide 77*0=100. 

Pyr., etc. — B.B. on charcoal fuses readily to a dark mass, which in crystalline when cold. 
In R.F. on charcoal gives a coating of lead oxide, with globules of lead and a residue of 
chromio oxide. Gives the reaction of ohrome with fluxes. 

Obs.— Occurs in limestone at lieresof in the Ural, with crocoite, vauquelinite, pyromorphite, 
and galenite. 


VAUQUELINITE. 

Monoclinic. Crystals usually minute, irregularly aggregated. Also 
reniform or botrvoidal, and granular; amorphous. 

11. = 2*5-3. G. = 5*5-5*78. Lustre adamantine to resinous, often faint. 
Color green to brown, apple-green, siskin-green, oli\ e-green, ochre-brown, 
liver-brown ; sometimes pearly black. Streak greenish or brownish. Faintly 
translucent — opaque, fracture uneven, leather brittle. 

Oomp. — Pb,CiiCr v O#= 2ItCrO,-4 RO. R~ Pb : 0u = 2 : 1. The formula requires: Chro- 
mium trioxido 27 0, lead oxide (11 T», copjw»r oxide 10*1>^ 100. 

Pyr., •to. — B.B. on charcoal slightly lntumesees and filers to a gray subrnetallic globule, 
yielding at the same time small globules of metal. With borax or suit of phosphorus affords 
a green transparent glass in the outer flame, which iu the inner after cooling is rt»d to black, 
aocording to the amount of mineral iu the assay ; the red color is more distinct with tin. 
Partly soluble in nitric acid. 

Obs, — Occurs with crocoite at Beresof in Sit>eria, generally in mammillated or amorphous 
masses, or thin crusts ; aiso at Pont Gibuud in the Pay de Dome ; and with the crocoite of 
Brazil. In the U. States it has been found at the lead mine near Sing Sing, in green and 
brownish -green mammillary concretions, und also nearly pulverulent ; and at the Pequa lead 
mine in Lancaster Co., Pa., in minute crystals and radiated aggregations on quartz and 
galenite, of a siskin- to apple-green color, with oeruasite. 

Laxmankitk ( i>fi 09 phockr 9 thUi . — Near vauquelinite, but held to be a ph oepho- chi ornate. 
Beresof. 
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6. SULPHATES. 


Anhydrous Sulphates. 


Iiarite Group. 


BARITE. Barytes. Heavy Spar. Schworspath, Oerm. 


Orthorhombic. I A I = 101 ° 40 ', 0 A li = 121 ° 50' ; c : l : 4 = 1-6107 


700 


701 




: 1 -2276 : 1 . O A 1 = 1 1 5° 42' ; ft A ft, top, i- 
102° 17' ; 14 aM, top, - 74" .‘16 OvrIiiIr iihu- 
ally tabular, m in figure***; fiometimcs prismatic 
in the direction of the diflerent axes. Cluavage : 
basal rather perfect; /somewhat less so; i-l imperfect. Also in globular 
forms, fibrous or lamellar, crested ; coarhdy laminated, himirne convergent 
and often curved ; also granular ; colors sometimes handed, as in stalagmite. 

II. = 25 -3*5. G. = 43-4*72. Lustre vitreous, inclining to resinous; 
sometimes pearly. Streak white. Color white; also inclining to yellow, 
gray, blue, red, or brown, dark brown. Transparent to translucent — opaque. 
Sometimes fetid, when rubbed. Optic-axial plane brachydi agonal. 


Comp. — BaSO 4 — Sulphur trioxide 3413. baryta 65*7—100. Strontium and sometimes cal- 
cium replace part of the banum ; also silica, clay, bituminous or carbonaceous substances 
are often present as impurities. 

etc. — B.B. decrepitates and fuses at 3. coloring the flame yellowish-green ; the fused 
mass reacts alkaline with test paper. On charoo&l reduced to a sulphide. With soda gives 
at first a clear pearl, but on continued blowing yields a hepatic mass, which spreads out and 
soaks into the coal. If a portion of this mass be removed, placed on a clean silver surface, 
and moistened, it gives a black spot of silver sulphide. Should the barite contain calcium 
sulphate, this will not be absorbed by the coal when treated in powder with soda. Insoluble 
in acids. 

DifL — Distinguishing characters : high specific gravity, higher than celestite or aragonite ; 
cleavage ; insolubility ; green coloration of the blowpipe flame. 

Obs«- — Occurs commonly in connection with beds or veins of metallic ores, as part of the 
gangue of the ore. It is met with in secondary limestone, sometimes forming distinct veins, 
and often in crystals along with oalcite and celestite. At Dufton, in Westmoreland. Bag 
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land; in Cornwall, near Liskeard. etc. in Cumberland and Lancashire, in Derbyshire, Staf- 
fordshire. etc ; in Scotland, in Argyllshire, at Strontian. Some of the most important 
European localities are at Fels-jhanya and Kremnitz, at Freiberg, Marienberg, Clausthal. 
Przibrarn. and at Koya and Hour* in Auvergne 

In the U. S., in Conn., at Cheshire In .V. York, at Pillar Point; at Scoharie ; in St. 
Lawrence Co.; at Fowler; at Hammond In Yinjinia, at Eld ridge’s gold mine in Buckingham 
Co.; near Lexington, in Rockbridge Co.; Fauquier Co. In Kentucky , near Paris; in the W. 
end of I. Koyale, L Su|>crior, and on Spar Id., N. shore. In Canada , at Landsdown. In 
litn* crystals near Fort Wallace, New Mexico. 

The white varieties of barite are ground up and employed a s a white paint, either alone or 
mixed with white lead. 


CELESTITE. 


Orthorhombic. I A 7-104° 2' (WV 3n'-i<>4° 30'), <9Ali = 121 c 
19$'; c\l\d — HJ4 32: l*2so7 : J. = 115 3S', O A 14 = 127° 50', 

1 A 1, nine,., ~ 112 J 35', 1 A 1, bnu*li., — 2H . Cleavage: O perfect; 
/distinct; i-l less distinct. Abo fibrous and radiated ; sometimes globu- 
lar; occasionally granular. 



JI. = 3-3\*>. (t. - 3*02 3*075. Lustre vitreous, sometimes inclining to 

S earh. Streak white, (\>W white, often faint bluish, and sometimes red- 

bh. Transparent-- suhtranslueenf. Fracture imperfectly eonchoidal — 
uneven. Very brittle. Triehrobm sometimes very distinct. 

Comp. — SrSO*— Sulphur trioxide 43 fl, strontia 56*4 = 100. Wittstein finds that the blue 
oolor of the oolestifcc of Jena is due to u trace of a phosphate of iron. 

Pyr., etc. — H.B. frequently decrepitates, fuses at 3 to a white pearl, coloring the flame 
•trontia-ml ; the fused mass reacts alkaline. On charcoal fuses, and in It. F is converted 
into a difficultly fusible hepatic mass; this treated with hydrochloric acid and alcohol gives 
an intensely red dame. With soda on charcoal reacts like barite. Insoluble in acids. 

Biff. — Does not effervesce with acids like the carbonates ; specific gravity lower than that 
of barite ; colors the blowpipe dame red. 

Obs. — Celestite is usually associated with limestone or sandstone. Occurs also in beds of 
gypsum, rock salt, and clay ; and with sulphur in some volcanic regions. Found in Sicily, at 
Giigenti and elsewhere ; at Hex in Switzerland, and Conil in Spain ; at Dornburg, near Jena; 
in the department of the Garonne, France ; in the Tyrol ; Retxbanya ; in rock salt, at Ischl, 
Austria. Found in the Trenton limestone about Lake Huron, p&rticu arly on Strontian 
Island, and at Kingston in Canada ; Chanmont Bay, Scoharie, and Lockport, N. Y. ; also 
the Rossie lead mine ; at Bell’s Mills, Blair Co. . Penn. 

Named from cuirttfw, ctU*tial y iu allusion to the faint shade of blue often presented by the 
mineral. 

BAKYTOCKLKSTrrK. — Celestite containing barium sulphate 26 p. o. (Grilnerh 20*4 p. c. 
(Turner), l-i \ 1-f =74° 54F, l*i \ 4-1=100 35, on crystals from Imfeld in the Binnentha) 
(Neminar). Drummond I.. Lake Erie: Norton, Hanover. 
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ANHYDRITE. 


Orthorhombic. 


704 



Stassfurt. 


/ A 7 = 100° 3<V, () a 1-i = 127° 19'; 1-3122 

: 1*2024 : 1. 1-i A 1-i, top, = 85°. Cleavage: /-« very per- 
feet ; <-? also perfect ; 0 somewhat loss so. Also fibrous, 
lamellar, granular, and sometimes impalpable. The 
lamellar and eolumnar varieties often curved or contorted. 

II. = 3-3 5. (t.~ 2*899-2’9v r ». l.ustre: i-l and 7-i some- 
what pearly ; O vitreous ; in massive varieties, vitreous 
inclining to pearly. Color white, sometimes a grayish, 
bluish, or reddish tinge; also brick-red. Streak grayish- 
white. Fracture uneven; of finely laimdlar and tibroue 
varieties, splintery. Optic axial plane parallel to A3, or 
plane of most perfect cleavage; bisectrix normal to 0\ 
(irailich. 


Var. — (a) Crystallized ; eleavable in itH three rectangular directions. il>) fibrous; either 
parallel, or radiuted, or plumose. in Fm*« granular, pb Soah granular Yuljnuitt in a seuly 
pram liar kino from Vulpmo in Lombardy ; it is cut and polished for ornamental purposes. It 
does not ordinarily contain more silica than common anhydrite. A kind in contorted concre- 
tionary forms is the tnpestone ( Utkro*s(tin 

Comp. — CaSO,r Sulphur trioxide 58 8, lime 11 2 100. 

Pyr., etc. — 15. B. fuscH at 3, coloring the lliuue reddish yellow, and yielding an euamoldika 
bead which reacts alkaline. On charcoal in It K. reduced to a sulphide ; with mmIu docs not 
fuse to a clear globule. and is not absorbed by the coal like barite ; it is, however, decomposed, 
and yields a mans which blackens silver ; with tluorite fuses to a clear pearl, which is 
enamel-white on cooling, and by long blowing swells up and liecoincs infusible. Soluble in 
hydrochloric acid 

Diff. — Characterized by it* cleavage in three rectangular dnections; harder than gypsum ; 
does not effervesce with acids like tin* carbonates 

Obs.—Oocurs in rocks of various ages, especially in limestone strata, and often the same 
that contain oidinary gypsum, and also very commonly in beds of rock salt. Occurs near 
Hall in Tyrol; at Suiz on the Neekar, in Wurtembcrg; Hleihcrg in Carmthin ; LUneberg, 
Hanover ; Kapuik in Hungary; Ischl ; Atissee in Styria ; Berchtesgaden ; Stassfurt, in line 
crystals. In the U. States, at Lockjiort, N. Y. In Nova Scotia. 


ANGLE SITE. Bleivitriol, Germ, 

Orthorhombic. /A 7=103° 434', ^ A 1-? ~ 121° 20J', Kokaeharof; 
r : l : d = 1*04223 : 1*273034 : 1. 6 a1-I = 127° 4S' ; O A 1 r: 115' 354' ; 
1-1 A 1-f, top, — 75° 354'. Crystals sometimes tubular; often oblong pris- 
matic, and elongated in the direction of either of the axes (as seen in the 
figures). Cleavage: 7, O, hut interrupted. The planes 7 and i-l ofteu 
vertically striatea, and 4-? horizontally. Also massive, granular, or hardly 
so. Sometimes stalactitic. 

II. = 2*75 -3. G.= 0*1 2-0*39. Lustre highly adamantine in some speci- 

mens, in others inclining to resinous and vitreous. Color white, tinged 
yellow, gray, preen, and sometimes blue. Streak uncolored. Transparent 
—opaque, fracture eonchoidal. Very brittle. 

Gomj!. — Pbf?0 4 — Sulphur trioxide 26 *4, lead oxide 73 6=100. 

Pyx., etc. — B.B. decrepitates, fuses in the dame of a candle 'F. =1 *5). On charcoal in O. 
F. fuses to a clear pearl, which on cooling becomes milk-white ; in It F. is reduced with effer- 
vescence to metaflic lead. With soda on charcoal in R.F. gives metallic lead, and the soda 
it absorbed by the coal ; when the surface of the coal is removed and placed on bright silver 
tnd moistened with water it tarnishes the metal black. Difficultly soluble in nitric add. 
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DifL — Doe* not effervesce with acid like cerussite (lead carbonate) ; listinguished by blow- 
pipe tests from other resembling species. 



Siegen. Anglesea. Siegen. 

Ob*. — This ore of lead was first observed by Monnet as a result of the decomposition of 

f ralenito. and it is often found in its cavities. Occurs in crystals at Lcadhills ; at Purv’s mine 
n Anglesea ; also at Molanowoth in Cornwall ; in Derbyshire and in Curnl>orland : Clausthal, 
Zillcrfeld, and (Jiepenbneh in the Harz; near Kiegen in Prussia; Schaphach in the Black 
Forest ; in Sardinia ; massive in Siberia. Andalusia, Alston Moor in Cumberland ; in Aus- 
tralia. In the IT S. f in large crystals at Wheatley’s mine, Phenixville, Pa. ; in Missouri lead 
mines ; at the lead mines of Southampton, Mass. ; at Hossie, N. Y. ; at the Walton gold mine, 
Louisa Co., Va. Compact in Arizona, and Cerro Gordo, Cal. 

Dhkklitk. — R hombohedral. II. =8*3. G. =8*3-8*4. Color white. Composition given a* 
GaSOt + SBaSO*. Occur* in *mall crystals at Beaujeau, France; Badenweiler, Baden. 

DoLKUoraANiTB (Scaechi). — Cu 9 SO». In minute crystals. Monoclinic. Color brown. 
Vesuvius, 

Hydrotyanitk (Scaochfr . — Anhydrous copper sulphate, CuSO*. Color Bky-blue Veiy 
soluble . Vesuvius. 

ApnTniTALtTK, Arcan.lt t. — K»SO* = Potash 54*1, sulphuric acid 45*9 = 100. Vesuvius. 
Tiienakditk. — S odium sulphate, Na-j SO*. Spain; Vesuvius. 


UBAPHILLITB. 

Orthorhombic. J.\ I = 103° 16', O A 1-t = 120 °10' ; c : l : & = 1*7205 
: 1*2632 : 1. Hemihedral in 1 ami some other planes ; hence monoclinic in 
aspect, or rhomlxihedral when in compound crystals. Cleavage: irl very 
perfect ; t-i in traces. Twins, f. 712, consisting of three crystals ; twinning 
plane, 1-t (see f. 293, p. 97) ; also parallel with L 
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H.=2*5. G.= 6*2(5-6-44. Lustre of i-l pearly, other parts resinous, sotno- 
what adamantine. Color white, 
passing into yellow, green, 
or gray. Stieak uncolored. 

Transparent — translucent. 

Conehoidal fracture scarcely 
observable. Hather sectile. 

Oomp. — Formerly accepted for- 
mula, PbS0 4 4-8PbC0 3 = Lead sul- 
phate 27 45. lead carbonate 72*55 — 

100. Kec'*nt investigations by Las* 
peyres iJ. pr., Ch II., v., 470; vii. f 
127; xii., 870), and llintze tPogg. 

Ann., clii., 15(>>, though not entirely 
accordant, give different results, both 
show the presence of some water. Laoitcyrea writes the formula empirically, Pl),«C^S*0» l + 
5HiO, and llintze, Pb;C«SjOj ( -r2U jO. Analyses; 1. Lnspcyres ; 2, iluttzo ; 

SO, 00, PbO H j() 

1.814 8 (KS 8 MM 1 87 - 1 00, Laspcy res. 

2. 8 17 t) 18 80-80 2 (Ml _ too 15, Hmtzo. 

Pyr, etc. — B.B iutumesces, fuses at 1 ’5, and turns yellow ; but white on cooling Easily 
reduced on charcoal With soda affords the reaction fur sulphuric acid Effervesces briskly 
in nitric acid, and leaves white lead sulphate uudissolved. 

Obs — This ore has been found at Leadhills with other ores of lead ; also in cry staid at Ued 
Gill, Cumberland, and near Taunton in Somersetshire; at lglesius. Sardinia {wt-.ritt 1 ). 

Human mtk — Composition as for leadhilhte, but form lhombohedral. Leadhills; Nert* 
schinsk. Siberia. 

CoN.vi:».blTK —Hexagonal. In slender needle-like blue crystals. Contains copjxjr sulphate 
and copper chloride. Exact c n> posit ion uncertain. Cornwall. 

Cai.i-.iioxitk —Monoclinic (Sc/trauf). 11. -2 5 8. G. (» 4 Color bluish-green. 11,80* 
4 a<i (Flight), with It Pb : Cu : 7 : 8, or 5PbSO* 4 8IC -CuOj 4 2H;PhO a . This requires : 
Sulphuric trioxule HIM, lead oxide (55 2. copper oxide 1 1 4, water 4 8 100. leadhills, Scot* 

land ; Red Gill; Itetzbanyu ; Mine lu Motto, Missouri. 

Lwaukitk Monorlime II . 2-25. G 0*8 -0*4 Color pale yellow, or greenish- 
white Transparent Com position uh formerly accepted, PbSO, ( PbOOj. New ana lyses by 
Flight, and by Pmani. show the absence of Iwitli carl am dioxide and water ; composition 
accordingly PbjSO., PbSO* t-PbO, which requires : Lead sulphate 57 0, lead oxide \'l 4 - 100. 
Leadhills; Siberia, etc. 



OLA U BE RITE. 


M.M-u.iiic, 7 a 7=88° 20 ', 0aU= 13G°30'; c:b;a 

_= o s4. r i4 ; OS2M7 : 1. Cleavago: O perfect. 

= C . .“2*64 -2*85. Lustre vitreous. Color 

pale yell* vv or gray; sometimes hriok-ml. Streak white. 

Fracture conehoidal; brittle. Taste blight ly saline. 


713 


Comp. — Xa.C’aS,0.=Sulpbur trioxide f)7 (5, lime 201, no«la 2211= / I 

100. |\ 
Pyr, etc.— B.B. decrepitates, turns white, and fuses at 15 to a I N 
white enamel, coloring the flame intensely yellow. On charcoal fuses 
in O.F. to a clear bead ; in E. F. a portion is absorbed by the charcoal, 
leaving an infusibe hepatic residue. With soda on charcoal gives the 
reaction for sulphur. Soluble in hydrochloric acid. In water it loses 
its transparency, is partially dissolved, leaving a residue of calcium 
sulphate, and in a large excess this is completely dissolved. On long 
exposure absorbs moisture and falls to pieces. 

Obi — In crystals in rock salt at Villa Knbia in New Castile ; also at 
Aussee in Upper Austria ; in Bavaria ; at the salt mines of Vic in France ; 
and at Borax Lake, California ; Province of Tarapoca, Peru. 
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II Y DUO US S ULPIIATE9. 


MTHARTLIT E. Glauber Salt 

Monoclinic. 6'=72°15', /a /= s6 3 31', O A 1-t = 130° 19'; c:b:d 
ss 1*1 Obi) : 0\S9G2 : 1. Cleavage: i-i perfect. Usually in efflorescent 
crusts. 

II. .-=1*5-2. (l. = 1*4S1. Lustre vitreous. Color white. Transparent- 

opaque. Taste cool, then feebly saline and hitter. 

Oomp. — Na.RO, 4* lOuq- Sulphur trioxul 218, soda 10 a, water 55 *9 — 100. 

Pyr., etc. — In the clcmcd tube much water ; given an intense yellow to the flame. Very 
noluhlc in water; tlie nolution given with t tirium MtltM the reaction for sulphuric acid. Falla 
to powder on exposure to the air, and bec< inns anhydrous. 

Oba. — Occurs at Isold and Hallstudt ; all in Hungary; Switzerland; Italy; at Guipuzcoa 
in Spain, etc. ; at Kailua on Hawaii ; ut Windsor, Nova Scotia; also near Sweetwater River, 
Rocky Mountains 

Mahcaonitk, Bouhhi no a ultite (cerbolite), Lecontitk, and Guanovulite are hydrous 
sulphates containing ammonium. 


GYPSUM. 


Monoclinic. C = 00° 14', if the vertical prism I (sec f. 710) correspond 
to the cleavage prism (second cleavage;, and the basal plane O to the 
direction of the third cleavage. I A I z- 13S° 2S', 1 l a 1-i = 12S° 3U ; 
c:b: d = 0*9 : 2*4135 : 1. O A 1 = 125° 35', O A 2-5 = 145° 4U, 1 A 1 = 
143° 42', 2 i A 2-i= 111° 42'. 



710 



717 



Cleavage: (1) w, or cl i nodi agonal, eminent, affording easily smooth pol- 
ished folia; (2) /, imperfect, fibrous, and often apparent in internal rifts or 
linings, making with O (or the edge 2-1/2-i) the angles 06° 14', and 113° 
46', corresponding to the obliquity of the fundamental prism; (3) (J y or 
basal, imperfect, but affording a nearly smooth surface. Twins: 1. Twin- 
ning- plane O common {£. 717) ; also l-i, or edge 1/1. Simple crystals often 
with warped as well as curved surfaces. Also foliated massive"; lamellar 
stellate ; often granular massive ; and sometimes nearly impalpable. 
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fl.= 1*5-2. G\=2’314-2*328, when pure crystals. Lustre of /-) pearly 

and shining, other faces suhvitreous. Massive varieties often glistening, 
sometimes dull earthy. Color usually white; sometimes gray, llesh-red, 
honey -yellow, oehre-vellow, blue; impure varieties often black, brown, red 
or reddish-brown. Streak white. Transparent — opaque. 


Var. — Crystallized or Selenite ; either in distinct crystals or in brood folia, the folia 
sometimes a yard across and transparent throughout. 2. Fibrous ; coarse or line, {a) Satin 
i par, when tine-fibrous a variety which has the pearly opidescenco of moonstone ; (h) pi a moss, 
when rad lately arranged. 5. Mansi re ; Ala bast n\ a finegrained variety, either white or 
delicately shaded; scaly- granular ; earthy or rock yy /not rn. a dull-colored rook, often impure 
with clay or calcium carbonate, and sometimes with anhydrite. 

Oomp. — CaS0 4 4 - 2aq=. Sulphur trioxide •!♦> 5, lime 52 t>, water 20 9 100. 

Pyr., etc. — In the closed tube gives off water and Incomes opaque. Fuses at 2*5 41, color- 
ing the flame reddish-yellow. For other reactions, see ANUYimmi, p. 081). Ignited at a 
temperature not exceeding 200 C., it again combines with water when moist ened, and 

becomes firmly solid. Soluble in hydrochloric acid, and also in 400 to 500 parts of watei. 

Diff. — Characterized by its softness; it does not effervesce nor gelatinize with acids. 
Some varieties resemble hculanditc, stilbite, talc, etc.; and in its fibrous forms it is like soma 
cal cite. 

Obs. — Gypsum often forms extensive beds in connection with various stratified reeks, es|»e- 
cially limestone, and marlytes or clay beds. It oceurs occasionally m erystallinci locks It ia 
also a product of volcanoes ; produced by the decomposition of pyrite when bine is present ; 
and often about sulphur springs ; also deposited on the evaporation of sea- water and brines, 
in which it exists in solution. 

Fine specimens are found m the salt mines of Ilex in Switzerland ; at Ilall in the Tyrol; 
in the sulphur mines of Sicily ; in the gypMim t urination near 0<*anu in Spain ; in the eluy of 
Shotover Hill, near Oxford ; at Moutmuitrc, near Funs. A noted locality of alabaster occurs 
at Castclino. 55 in. from Leghorn. In tin* L S this species occurs in extensive beds in 
N. York, Ohio, Illinois, Virginia. Tennessee, and Aikansas; it is usually associated with salt 
springs. Also in Nova Scotia, Peru, etc. It is characteristic of the so culled t.riassic, or red 
beds, of the Ilocky Mountain region; also of the Cretaceous m the west, particularly of the 
clays of the Fort Pierre group, iu which it occurs in the torm of transparent, plates. 

Handsome selenite and snowy gyp-.ii in occur in A. York , near Loekport. ; also near Oumil- 
lus, Onondaga Co. In Maryland . on the St. Mary's, in clay. In Ohio, large transparent 
crystals huve been found at Poland and Canfield, Trumbull Co. In Turn ., selenite and ala- 
baster in Davidson Co. In Kentucky, hi Mammoth Cave, in the form of rosettes, etc. In 
N. Scotia, in Sussex, King’s Co., large crystals, often containing much symmetrically dis- 
seminated sand (Marsh). 

Plaster of Paris (or gypsum which has been heated and ground up is used for making 
moulds, taking casts of statues, medals, etc. ; for producing a hard finish on walls; also in 
the manufacture of artificial marble, as the scagiiola tables of Leghorn, and in the glazing of 
porcelain. 


FOLYHAUTE. 

Monoclinic (?). A prism of 115°, with acute edges truncated. Usually iu 
compact fibrous masses. 

11. = 2*5-3. (r. = 2*7f>S9. Lustre resinous or slightly pearly. Streak 

red. Color flush- or brick-red, Komuti me* \ el lowi.-di. Translucent — opacpie 
Taste bitter and astringent, but very weak. 

Oomp. — 2RSO<-+ aq. where R = Ca : Mg : K? in the ratio 2:1:1; that la, K.,MgCa*8 4 0i« 
4 - 2aq - Calcium sulphate 4 5 2, magnesium sulphate 19 9, potassium sulphate 28 9, water 
6 * 0 = 100 . 

Pyr n etc. — In the closed tube gives water. B.B fuses at 1 *5, colors the flame yellow. On 
charcoal fuses to a reddish globule, which in R.F. becomes white, and on cooling has a saline 
hepatic taste; with soda like glauberite. With fluor does not give a clear liead. Partially 
soluble in water, leaving a residue of calcium sulphate, which dissolves in a large amount ot 
water 



39 * 


DESCRIPTIVE MINERALOGY. 


Ob*. — Occurs at tbe mines of lschl, Ebensee, Aussee, Hallstatt, and Hallein in Anstrb^ 
with common salt, gypsum, and anhydrite ; at Bercbtesgaden in Bavaria ; at Vic in Lorraine. 

Tbe name Polybalite is derived from voAi/j, many , and £a», salt, in allusion to the number 
of salts in tbe constitution of tbe mineral 

Syngenftk, v. Zaharovich ; Kaluszite. liumpf.—'Sear polyhalite. Composition RS0 4 + 
aq, with H Ca : K, ~1 : 1, that is, K^CaSjCK+aq -Potassium sulphate 531, calcium sul- 
phate 414, water 5 *5 -= 1 00. Monoclinic. Occurs in small tabular crystals in cavities in halite 
at Kalina, East Galicia. 

Kikhkiutk. — M gSO«+aq = Sulphur trioxide 58*0, magnesia 28*0, water 13 0 = 100. Stass- 
furt. 

PiCKOMKitiTK i« K,Mg8;0 , 4 6aq = Sulphur trioxide 39 *8, magnesia 9*9, potash 23 4, water 
80 *9 ~ 100. Vesuvius; Stassfurt. 

Blokditk. — C omposition Na : MgS.Oi, + 4aq = Sulphur trioxide 47*9, magnesia 12*0, soda 
18*0, water 21 *5=100. Salt mines of lachl ; also in the Andes. Simonyite ( 7 'nchermak) is 
identical. 

Lckwf.ite. — 2Na v MgS a Oi 4- 5aq = Sulphur trioxide 52*1, magnesia 13 0, soda 20 2, water 
14*7=100. From Isohl. 

EPSOMITE. Epsom Salt. Bittersalz, Ormn. 

Orthorhombic, and genenillv hcmihcdral in the octahedral modifications. 
I A 1 = rn° 34', O A 1 l = lf)ii° 2' ; r:b:d = 0-57oft : 1-01 : i. 14 A 14, 
basal, = 5b° 27', 14 A 14, hasal, = 5tr j 5(5'. Cleavage: brachydiagonal, 
perfect. Also in hotrvoidal masses and delicately librous crusts. 

II. *- 2*25. (1.=. 1-751 ; H;«5, artificial salt.. Lustre vitreous — earthy 

Streak and color white. Transparent — translucent. Taste hitter and saline. 

Comp.— MgSO, l 7aq, when pure Sulphur trioxide 32*5, magnesia 10*3, water 51 *2 = 100. 

Pyr., etc.- Liquifies in its water of crystallization Gives much water in the closed tube 
at a high temperature; the water is acid B.B. on charcoal fuses at first, and finally yields 
an infusible alkaline mass, which, with cobalt solution, gives a pink color on ignition. Very 
soluble in water, and has a very hitter taste. 

Ohs. -Common in mineral waters, and as a delicate fibrous or capillary efflorescence on 
rocks, in the galleries of mines, and elsewhere. In the former state it exists at Epsom, Eng- 
land, and at Sedlitz and Saidschutz in Bohemia At Idria in Carniola it occurs in silky fibres, 
and is hence called hairnalt by the workmen Also obtained at the gypsum quarries of Mont* 
martre, near Paris; in Aragon and Catalonia in Spain ; in Chili ; found at Vesuvius, etc. 

The floors of the limestone caves of Kentucky, Tennessee, and Indiana, are in many 
instances covered with epsmnite, in minute crystals, mingled with the earth. In the Mam- 
moth Cave, Ky. , it adheres to the roof in loose masses like snowballs. 

Fausehitk. — A hydrous manganese- magnesium sulphate. Hungary. 


Copperas Group. 

CHALCANTHITE. Blue Vitriol. Kupfervitriol, Germ. 

Triclinic. O A /= 100° 32', OA 1 = 127° 40', /a /' - 123° 10', O A 1 
ssl2f>° 3$\ O A it = 120° 50', 0 A v’4 = 103° 27'. Cleavage: / imper- 
fect, /' very imperfect. Occurs also amorphous, stalactitic, reniform. 

H.=2*5. O. =2*213. Lustre vitreous. Color Berlin-blue to sky-blue, 
of different shades ; sometimes a little greenish. Streak uncolored. Snl>- 
transparent — translucent. Taste metallic and nauseous. Somewhat brittle. 

Pom p. — CuS0 4 4 5aq = Sulphur trioxide 32* 1, copper oxide 31*8, water 36-1 = 100. 

Pyr., etc. — In the closed tube yields water, and at a higher temperature sulphuric acid. 
B.B. with soda on charcoal yields metallic copper. With the duxes reacts for copper. Solu- 
ble in water; a drop of the solution placed on a surface of iron coats it with metallic copper. 

Oba. — Blue vitriol ia found in waters issuing from mines, and in connection with rocks con- 
taining chaloopyrite, by tbe alteration of which it is formed. Some of its foreign lorwiiUes 
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are the Rammelaberg mine, near Goslar, in the Harz ; Fahlun in Sweden ; at Parys mine 
Anglesey ; at various mines in Co. of Wicklow ; Rio Tinto mine, Spain. Found at th< 
Hiwassee copper mine, and other mines, in Polk Co. , Tennessee : at the Canton mine. Georgia* 
at Copiapo, Chili, with stypticite. * 9 

When purified it is employed in dyeing operations, and in the printing of cotton and linen, 
and for various other purposes in the arts. It is manufactured mostly from old sheathing, 
copper trimmings, and refinery scales. 

Other vitriols are : — M klantkhite, iron vitriol ; Pisan itk, iron-copper vitriol; Goslar- 
ITB, zinc vitriol; Biebeuite, cobalt vitriol ; Morenositk, nickel vitriol iCni’Ko magnesite, 
copper-magnesium vitriol (Vesuvius). These are all alike in containing < moleoulos of water 
of crystallization. 

Alunoqen (Haarealz, Germ.).— AlS a O,,-f 18aq % Sulphur trioxide ilfl-O, alumina 15 4, watei 
48*0=100. Taste like that of alum, Vesuvius; Konigsborg, Hungary. 

Coquimbitk. — F eSaOia -f 9aq -Sulphur trioxide 42 7, iron sesquioxide 28*5, water 28*8= 
100. Coquimbo, Chili. 

Ettringitk ( Lehim nn ) . — Analysis, SO, 10 04, AIO, 7*7(5, CaO 2? 27, 11,0 45*82. In hexa- 
gonal needle-like crystals from the lava at Ettringen, Laacher See. 


Alum and Ilalntrichite Group*. 

Here belong: Tsciikiimioitk, ammonium alum Kamnitk, potassium alum, or common 
alum. Menuozite, so<lium alum Pickkrinoitk, magnesium alum. Aimoiinitk, man- 
ganese alum. Bosjkmannitk, mangauo magnesium alum. IlAl.oTlUCiiiTK, iron alum. 
Also Rcemehite, and Voltaite. 


OOPIAPITB. 

Hexagonal (?). Loose aggregation of crystalline scales, or granular massive, 
the scales rhombic or hexagonal tables. Cleavage : basal, perfect, ln- 
crusting. 

II. = 1*5. G. = 2*14, llorcher. Lustre pearl v. Color sulphur-yellow, 
citron-yellow. Translucent. 

Oomp. — LVjS ^ 12;iq ; 5l*V.S O rj v lf tl FcO,. f 2011/) Sulphur trioxide 41*11, iron 
sesquioxide Oil 5, water 24*5 - 100. 

Pyr.» etc. — Yields water, nnd at a higher temperature sulphuric acid. On charcoal be- 
comes magnetic, and with soda affords the refaction for sulphur. With the t luxes reactions 
for iron. In water insoluble*. 

Obs. — Common as a result of the decoin |K>aition of pyrite at the Haminelsbcrg mine, near 
Goslar in the Harz, and elsewhere. 

This species is the yellow copjieras long called inisy, and it might well bear now the name 
Mitrylite. 

Raimondite. — Composition Fe 3 S,0,* + 7aq. FnmoKKUiUTK (stypticite). —Composition 
FeS/)#-r lOaq. 

Botrvooen is red iron vitriol, exact composition uncertain. Fahlun, Sweden. Bautho 
Lomitk, West Indies, is related. 

Iiileite. — F e S 3 0i*-cl2aq. Occurs as a yellow efflorescence >n graphite from Mugraa* 
Bohemia (Schravf ). 


ALTJMINITE. 

Ken i form, massive ; impalpable. 

IL=l-2. G.=1*C6. Lustre dull, earthy. Color white. Opaqne. 

Fracture earthy. Adheres to the tongue; meagre to the touch* 
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Comp* — AlBO#+9aq= Sulphur trioxide 23 2, alumina 29 8 , water 47 0=100. 

Pyr., ate. — In the closed tube gives much water, which, at a high temperature, becomes 
add from the evolution of sulphurous and sulphuric oxides. B.B. infusible. With cobalt 
solution a fine blue color. With soda on charcoal a hepatic mass. Soluble in acids. 

Obs. — Occurs in connection with beds of clay in the Tertiary and Post-tertiary formations. 
Found near Halle ; ut Ncwhaven, Sussex ; E|>eniay, in Lunel Vieil, and Auteuil, in France. 
WlCKTMKMAMTK. --A1SO# 4 3aq. G. =2 HO. Occurs near Chachapoyas, in Peru. 

Amjnitk, Alaunstcin. (term. — Composition K«,A 1 3 S 4 0 7 3 + Oaq. Hhonibohedral, Also 
massive, fibrous. Forms seams in trachyte and allied rocks. Tolfa, near Rome; Tuscany; 
Hungary ; Mt. I >ore, France, etc. 

LoWIOITE. — S ame composition as olunite, but contains 3 parts more of water. Tabrze, 
Silesia. 


LINAIUTE. Bleilasur, Kupferbleispath, Germ. 


Monoelinic. C = 

718 



77° 27' ; /A /, over i u = f U° 36', 0 A 1-i = 141° 5', 
/• : b : a = 0*4*134 : 0-5*19 : 1, 1 lessen berg. Twins: 
t winning-plane i-i common; O A O' = 154 u 54'. 
Cleavage: i-i very perfect ; O less so. 

11.-25. ( t , — 5.3—5*45. Lustre \itrcous or ada- 

mantine. Color deep azure-blue. Streak pale blue. 
Translucent. Fracture conchoidal. Rrittlc. 


Comp.— PbCuSOft I aq (Pb.ru )SO#-f H v (Pb,Cu)Oj- Sulphur trioxide 20 0, lead oxide 35 7, 
copper oxide 10 H, water 4 *5 100. 

Pyr., etc. — In the elosed tubo yields water and loses its blue <*olor. B.B. on charcoal fuses 
easily to a pearl, and in U.F is reduced to a metallic globule which by continued treatment 
coats the coal with lead oxide, and if fused boron trioxide is added yields a pure globule of 
copper. With soda gives the reaction for sulphur. Decomposed with nitric acid, leaving a 
white residue of lead sulphate. 

Obs. Formoi ly found at Lradliills. Occurs at Rough ten Gill, Red Gill, etc , in Cnmber- 
hind ; near Sehneeberg, rare; in Dillenburg ; at Betz ban \ u ; in Nertsehinsk ; and near Beresof 
in the Ural ; and supposed formerly to be found at Linares in Spam, whence the name. 


BROCHANTITE. 

Monoelinic. C~ 89° 274'. / A T~ 104° 64\ Oa 1-5 = 154° 124'; c : 

b ; d = 0*01983 : 1*28242 : 1. Schrauf distinguishes four types of forms: 
I. Rrochuntite from Retzbanya (two varieties), also from Cornwall and 
Russia, triclinic ; IT. Warrinytonite from Cornwall, a third variety from 
Rotzbanya, monoclinic (?) ; III. Rrochantite from Nisehne-Tugibk, mono- 
clinic — triclinic ; IV. luiniylne from Russia, and a fourth variety from Retz- 
banya, monoelinic (or orthorhombic). 

Also iti groups of acicular crystals and drusy crusts. Cleavage: /-? very 
perfect; 1 in traces. Also massive; renifortn with a columnar structure. 

II. = 3*5— 4. G. — 3*78-3*87, Magnus; 3*9069, G. Rose. Lustre vitreous; 
a little pearly on the cleavage- face. Color emerald-green, blackish-green. 
Streak paler given. Transparent — translucent. 

Comp. — Ou 4 RO, +:m,0=CuS0* + 3H,CuO, = Sulphur trioxide 17*71, copper oxide 70*34, 
water 11*95-100. This formula belongs to type IV., above ; the worringtonite corresponds 
more nearly to CuS0 4 -h3U„Cu0.-t- HjO, and the existence of other varieties has been also 
assumed. 

Pyr.* etc. — Yields water, and at a higher temperature sulphuric acid, in the closed tube, 
and beoomes black. B.B. fuses, and on charcoal affords metallic copper. With soda givea 
the reaction for sulphuric acid. 
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Gbs. — Occura at Gumescbersk and Nischne-Tugilsk in the Ural ; the Konigine (or Konigite) 
was from Guraeschev.sk; near Houghton Gill, in Cumberland ; m Cornwall (in part /rum’/q/- 
tonite) ; at Itetzbanya ; in Nassau ; at Krisuvig in Iceland {krisun f/itr ) ; in Mexico {bront;nnr* 
tine) ; in Chili, at Andaeollo ; in Australia. 

Named after Broohant de Villiers. 

Langite — CuSOi -4 SII.CuO * 2aq. In crystals and concretionary crusts of a bine color. 
G. =11 '5. Cornwall. 

CyaNotricii itk. Lcttsomite. Knpfersammterz. Germ, — In velvety druses. Color bine. 
A hydrous sulphate of copper and aluminum. Moldavain the Banat. WoonwAUPlTK, near 
the above. 

Kkonkite — CuS0 4 i Na v SOi -4 2nq- Copper sulphnte 47*!?, sodium sulphate 42 1. water 
10 7 — 100. In inegular crystalline masses of n coarse tibrous structure, prismatic. Color 
azure-blue. Moist to the touch. Found m the copper mines near t-alama, Bolivia. i Mnm ///.<> ) 

Phili.ipitk. — C uS0 4 *+ FeS..O,j t /mq. In irregular tibrous musses. not prismatic. Coloi 
blue. In the cordilleras of Comics, Santiago, Clnli ylhnntifko ) 

Enyhtk.- -O ccurs in stalnctitic forms m a cave. II. 2-2*4 (5. 1 '51). Color bluish- 

preen. B 11 infusible. Analysis: SOj S 12. A10< 21b Ho, CuO 111111, CaO lilo, 11 O Ml 42, 
SjO. ;{-40, CO* rOo— 100 Near St. Agnes, Cornwall. ( ( Winn, Mm Map., I. p 14.) 

UHANlUM-sri.PIIATKR —There arc included here joint n nitr. uronoefnilcite , maljiriit , 
v O'jlianite, vraamite. These are secondary products found with other uranium minerals at 
JoachimsthaL 


Tkixiua ifs. 

MONTANITE. 

Incrusting; without distinct crystalline structure. 

Soft and earthy. Lustre dull to wuxv. Color yellowish to white. 
Opaque. 


Comp. — IMaToO, -t 2aq : Tellurium trioxi<le 2fi'1, bixmuth oxiile fls li, water Ji 11 -100. 
Pyr., etc. — Yields water in a tube when heated. B B. gi\e.s the reactions of bismuth and 
tellurium Soluble in dilute hydrochloric acid 

Oba. — Incrusts tetradymite, at Highland, in Montana; Davidson Co., N. C. 



DMc atnr nre unuioor. 
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Anhydeous Cabbonatks. 


Colette Croup . 

OALOZTE. Calc Spar. Kalkapath, Girm. 


Ithorabohedral. 12 Aft, terminal, = 105° 
0*8513. Cleavage: ft highly perfect. 

719 720 721 


5', 0 A 7? = 135° 23'; i 

722 728 




Angles of BrroMBoiiKDRONa. 


Term. Edge. 
*(-*) 150“ 2 

j(-j) 134° 57' 

105° 5' 


OaR 

160° 9' _} 

15 3° 45' 2( — 2) 

135° 28' 4(— 4) 


Term. Edge. OaR 
95° 28 129° 2 

78° 61' 116° 52' 

65° 50' 104° 17' 



Angles of Scalenohedrons. 


Edge X (f. 724). 

Y. 

Z. 


Edge X. 

Y. 

Z. 

1 188* 5* 

159° 24 

04 54' 


130 J 37' 

164* 1' 

67 a 41' 

128° 15' 

146° 10’ 

90 3 20' 

-** 

107° 38 

145° 15' 

124° 89' 

1 104° 88 

144° 24 

182° 58’ 


117° 23 

149° 43' 

102° 25 

109° 1' 

184° 28 

150° 44' 

—2* 

92° 9' 

158° 16' 

125° 19* 
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Twins : (1) T winning-plane basal (or parallel to 0). (2) i?, tbe vertical 
axes of the two forms nearly at right angles. (3) —2 ft. (4) —ili, the 
vertical axes of the two forms inclined to one another 127° 34. (5) Pris- 
matic plane i-2. (6) plane i (see p. 95). 

Also fibrous, both coarse and fine; sometimes lamellar; often granular; 
from coarse to impalpable, and compact to earthy. Also Btalactitic, tube- 
rose, nodular, and other imitative forms. 

EL=2*5-3*5 ; some earthy kinds (chalk, etc.) 1. G. = 2*508-2*778 ; pure 
crystals, 2*7213-2*7234, Beud. Lustre vitreous — subvitreous — earthy. Color 
white or colorless ; also various pale shades of gray, red, green, blue, violet, 
yellow; also brown and black when impure. Streak white or grayish. 
Transparent — opaque. Fracture usually conchoidal, but obtained with 
difficulty when the specimen is crystallized. Double refraction strong. 


729 730 781 



Comp., Var. — Cal cite is calcium carbonate, CaCO, — Carbon dioxide 41, lime 50 — 100. 
Part of the calcium is sometimes replaced by magnesium, iron, or manganese, more rarely by 
strontium, barium, zinc, or lead. 

The varietios are very numerous, and diverse in appearanoe. They depend mainly on the 
following points : {1) differences in crystallization; (2) in structural condition, the extremes 
being perfect crystals and earthy massive forms ; (3) in color, diaphaneity, odor on friction, 
doe to imparities; (4) in modes of origin. 

1. Cryetailucd. Crystals and crystallized masses afford easUy cleavage rhombohedrons ; and 
when transparent they are called Iceland Spar, and also Doubly-refracting Spar (Doppels- 
path, Germ. h 

The crystals vary in proportions from broad tabular to moderately slender acicular, and 
take a great diversity of forms. But the extreme kinds so pass into one another through those 
that are intermediate that no satisfactory classification is possible. Many are stout or short 
in shape becatrv normally so. But other forms that are long tapering in their full develop- 
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snout occur short and stout because abbreviated by an abrupt termination in a broad o , or an 
Obtuse rhombohedron (as or A*i, or a low scalenohedron (as £ 3 ), or a combination of these 
forms; and thus the crystals having essential Iv the same combinations of p.anes vary greatly 
In shape. The acute scalenohedrons like f. 724, are called spar 

h'o ntn in fblfji u lino stone. Crystals of the form in f. 7111c, from Fontainebb au and Nemours, 
France, containing a large amount of sand, some 50 to 00 p. c. Similar sandstone crys- 
tals occur at Sievring, near Vienna, and elsewhere. Pseudomorphous scales diedrous of sand- 
stone, after calcite, are found near Heidelberg. 

Satin. S/iftr ; fine fibrous, with a silky lustre Resembles fibrous gypsum, which is also 
called satin spar, but is m ich harder and effervesces with acids. A eg*'n t> n • ( Srhuft rspatb), 
a pearly lame.Uar calcite. the lamelhe more or less undulating ; color white, giayish. yellowish, 
or reddish. Aphrite , in its harder and more sparry variety Schaamspath) i- a foliated white 
pearly calcite. near argentine ; in its softer kinds {Sehanmrrde, Sort n/ Chalk Ecume da Terre 
H. ) it approaches chalk, though lighter, pearly in lustre, silvery-white or yellowish in color, 
soft and greasy to the touch, and more or less scaly in structure. 

2 . A f assise Varieties. Granular limestone. (S tceharoiM limestone, so named because like loaf- 
sugar in fracture). The texture varies from quite coarse to very fine granular, and the latter 
passes by imperceptible shades into compact limestone. The colors arc various, as white, 
yellow, reddish, green, and usually they are clouded and give a handsome effect when the 
material is polished. When such limestones are fit for polishing, or for architectural or orna- 
mental use, they are called marbles. Statuary marble is pure white, fine grained, and firm 
in texture. Hard compart limestone, varies from nearly pure white, through grayish, drab, 
buff, yellowish, and reddish shades, to bluish-gray, dark brownish -gray, and black, and is some- 
times variously veined. The colors dull, excepting ochre-yellow and ochre-red varieties. 
Many kinds make beautiful marble when polished 

& hell-marble include* kinds cons sting largely of fossil shells. Ruin-marble is a kind of com- 
pact calcareous marl, showing, when polished, pictures of fortifications, temples, etc., in ruins, 
due to infiltration of oxide of iron. Lithographic stone is a very even grained compact lime- 
stone, usually of buff or drab color ; as that of Solenhofen. Breccia marble is made of frag- 
ments of limestone cemented together, and is often very beautiful when the fragments are of 
different colors, or are imbedded in a base that contrasts well. The colors are very various. 
Pudding stone marble consists of pebbles or rounded stones cemented. It is often called, 
improperly, breccia marble. 

Hydraulic limestone is an impure limestone. The varieties in the United States contain 20 
to 40 p. o. of magnesia, and 12 to <20 p. c. of Rilica and alumina. 

Soft comfort limestone. Chalk is white, grayish-white, or yellowish, and soft enough to 
leave a trace on a bourd. The consolidation into a rock of such softness may be owing to the 
fact that the material is largely the hollow shells of rhizopods. Calcareous marl (Mergel- 
kalk. Germ.) is a soft earthy dejmsit, often hardly at all consolidated, with or without dis- 
tinct fragments of shells ; it generally contains much clay, and graduates into a calcareous 
clay. 

Concretionary tnassite. Oolite (Rogensfcein, Germ.) is a granular limestone, but its grains 
are miuute rounded coucretions, looking somewhat like the roe of a fish, the name coming 
from *u«r, egg. It occurs among all the geological formations, from the Lower Silurian to 
the most recent, and It is now forming about the coral reefs of Florida. (Erbsentein, 

Germ.) consists of concretions as largo often as a small pea, or even larger, the concretions 
having usually a distinct concentric structure. It is formed in large masses in the vicinity of 
the Hot Springs at Carlsbad in Bohemia. 

Deposited from calcareous sj) rings, streams, or in caverns , etc. (a) Stalactites are the calcareous 
cylinders or cones that hang from the roofs of limestone caverns, and which are formed from 
the waters that drip through the roof; these waters hold some calcium bicarbonate in solu- 
tion, and leave calcium carbonate to form the stalactite when evaporation takes place. Sta- 
lactites vary from transpaient to nearly opaque ; from a granular crystalline structure to a 
radiating fibrous; from a w r hite color and colorless to yellowish-gray and brown, (b) Stalag- 
mite is the same material covering the floors of caverns, it being made from the waters that 
drop from the roofs, or from sources over the bottom or sides ; cones of it sometimes rise from 
the floor to meet the stalactites above. 

(e) Calc-suiter, Travertine , Calc Tufa . Travertine (Confetto di Tivoli) is of essentially the 
aame origin with stalagmite, but is distinctively a deposit from springs or rivers, especially 
where in large deposits, as along the river Anio, at Tivoli, near Home, where the deposit is 
scores of feet in thickness. It has a very cavernous and irregularly banded structure, owing 
to its mode of formation. 

(d) Agaric mineral; Rock-milk ( Bergmilch, Mont milch, Germ.) is a very soft, white material, 
breaking easily in the fingers, deposited sometimes in oa veins, or about sources holding lima 
In solution. 
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(e) Rod ( Berg mehl, Germ.) is white and light, like oottou, becoming a powder on the 
•lightest pressure. It is an efflorescence, and is common near Paris, especially at the quarries 
of Nanter e. 


Fyr., etc . — In the closed tube sometimes decrepitates, and, if containing metallic oxides 
may chai se its color. 11.11 infusible, but becomes caustic, glows, and colors the tlame red 
after ignr ion the assay reacts alkaline; moistened with hydrochloric acid imparts the charao- 
teristic h ue color to the tlame In borax dissolves with effervescence, and if saturated, 
yields ok cooling an 0 |Ktquc. milk-white, crystalline tie ad. Varieties containing metallic 

oxides e«‘ *r the Umax and salt of phosphorus heads accordingly. With soda on platinum foil 
fuses to a clear mass; on charcoal it at first fuses, but later the soda is absorbed by the coal, 
leaving mi infusible and strongly luminous residue of lime. In the solid mass effervesces 
when moistened with hydrochloric acid, and fragments dissolve with brisk effervesce not) even 
in cold a- ul 

Diff. Distinguishing diameters : perfect rhoinltnliedral cleavage ; softness, can be scratched 
with a knife ; effervescence in cold dilute acid; infusihiiitv. Lest* hard and of lower specific 
gravity than aragonite. 

Obs. Andn*aslK*rg in the Harr, is one of the liest European localities of crystallized cal cite ; 
there arc other localities in the Tyrol, Styria, Cnrinthm, Hungary, Saxony, Hess** Darmstadt 
(at Am rbadi), He*se Cassel, Norway, France, and in Enghuul in Derbyshire, Cumberland, 
Cornwall; Scotland; in Iceland. 

In the U. States prominent localities are : in JV. York, in St. Lawrence ami Jefferson Cos., 
especially at the Bessie lead mine; in Antwerii; dog -tooth s/mr, in Niagara Co , near Lock* 
port; near Hooneville, Oneida Co. ; at Anthony’s Nose, on the Hudson; at Watertown, 
Agaric mineral; at Schoharie, fine stalactites in many caverns. In Conn., at the load mine, 
Middletown In A*. Jer#y, at Bergen. In Virginia, at the celebrated Wior’s cave, stalactites 
of great beauty; also in the large caves of Kentucky . At the Lake Superior copper mines, 
splendid crystals often containing scales of native copper. At Warsaw, Illinois ; at Quinoy, 
lU.; at Hazle Green, Wit. In Nova Scotia, at Partridge L 


DOLOMITE. 

Rhombohedral. R A It = 10f>° 15', O A R = 136° 

R A R varies between 10(5° lU' and 10<>° 20'. Cleavage : 

R perfect. Faces R often curved, and secondary 
planes usually with horizontal strife. Twins: similar 
to f. 733. Also in imitative shapes; also amorphous, 
granular, coarse or fine, and grains often slightly 
coherent. 

11. = 8*5-4. (T. = 2*H-2*i>, true dolomite. Lustre vit- 

reous, inclining to peat ly in some varieties. Color white, reddish, or green- 
ish-white ; also rose-red, green, brown, gray, and black. Subtransparent to 
translucent. .Brittle. 

Comp., Var.— (Ca,Mg)CO>, the ratio of Ca : Mg in normal or true dolomite is 1 : 1 —Cal- 
cium carlionate 54*35, magm-eium carbonate 45 S5. Homo kinds included under the name 
have other proportions ; but this may arise from their being mixtures of dolomite with oalcite 
or magnesite. Iron, manganese, and more rarely cobalt or zinc are sometimes present. 

The varieties are the following : 

Crystallized. J'earl sjxtr includes rhombohedral ciystallizations with curved faces. Coktm* 
nar or fibrous Granular constitutes many of the kinds of white statuary marble, and white 
and colored architectural marbles, names of some of which have been mentioned under calotte. 

Compact massive., like ordinary limestone. Many of the limestone strata of the globe are 
here included, and much hydraulic Urn* stone, , noticed under calcite. 

Ferriferous ; JJrmcn spar, in part. Contains iron, and as the proportion increases it gradu- 
ates into ankerite fq. v. ), The color is white to brown, and becomes brownish on exposure 
through oxidation of the iron. Manga nife.rous. Colorless to flesh -red. R / 7?— 100 23 
106 ° 1C . CohnUtf trout . Colored reddish ; G. =2 02 1, Gibbs. 

The varieties based on variations in the proportions of the carbonates are the following; 
(4j JS r or mu l dolomite, ratio of Ca to Mg-- 1 : 1 , ib) ratio 1 $ : 1—3 : 2 ; ratio— 2 ; 1 ; zatio 3 : 
1 ; ratio— 5 : 1 ; ratio 1 ; 3. The last (/ ) may be dolomitic magnesite : and the others, from 
26 


8i'; c = 0*8322. 


n\ 
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(A), dolomftic calcite, or cal cite + dolomite. The manner in which dolomite is ofted mixed 
with calcite, forming its veins and its fossil shells (see below), shows that this is not improb- 
able. 

etc. — B.B. acts like calcite, bnt does not give a clear mass when fused with soda on 
platinum foil. Fragments thrown into cold acid are very slowly acted upon, while in powdei 
In worm acid the mineral is readily dissolved with effervescence. The ferriferous dolomites 
become brown on exposure. 

Diff.- -Resembles calcite, but generally to be distinguished in that it does not effervesce 
readily in the moss in cold acid. 

Obs.— Massive dolomite constitutes extensive strata, called limestone Rtrata, in various 
regions. Crystalline and compact varieties are often associated with serpentine and other 
magnesian roeks, and with ordinary limestones Some of the prominent localities are at Salz- 
burg; the Tyrol ; Kchemnitz in Hungary; Kapnik in Transylvania; Freiberg in Saxony; 
the lead mines at Alston in Derbyshire, etc. 

In the U. States, in Vermont, at Roxbury. In Rhode Tnland. at Smith field. In N. Jersey^ 
at Hoboken In N. York , at Lockport, Niagara Falls, and Rochester ; also at Glenn’s Falls, 
in Richmond Co., and at the Parish ore bed, St. Lawrenoe Co.; at Brewster, Putnam Co. 

Named after Dolornieu, who announced some of the marked characteristics of the rock in 
1701 — its not effervescing with acids, while burning like limestone, and its solubility after 
heating in acids. 


ANKERITE. 

. Ilhoinbohednil. It A It = 10G° 7\ Zeplmrovicli. Also crystalline mas- 
sive, rnsirso or fine* granular, and compact. 

H.r.-;pf> 4. ( i . = 2*B5-3* 1 . Lustre vitreous to pearly. Color white, gray, 
reddish. Translucent to Kuhtranslueunt. 

Oomp.— -OnCO., -i F«*(’O a \ T\ CaMgCjOfl). Here, according toBoricky, x may have tlir values 
t* *» 2» h 11* 4, .*>, 10. The varieties having the five higher values ut . r he calls pit ran * 

kfritr. while the others are normal nub rite. If x - 1, the formula is equivalent t > SCaCOj-f 
MgCOj, t FeCO.,, and requires: Caleiuin carbonate 5'i, magnesium carbonat- ‘J1 , iron carbon- 
ate 20- 1(K). Maitgiiuese is aim* sometimes present. 

Pyr., etc. — 11.1$ like dolomite, but darkens in color, and on charcoal becomes black and 
magtietic; with tho fluxes reacts for iron and manganese. Soluble with effervescence in the 
acids. 

Obs. — Occurs with siderite at the Styrian mines ; in Bohemia; Siegcn ; Schneeberg ; Nova 
Scotia, etc. 


MAGNESITE. 

Rhomlx iliod ral. It A It = 107° 20', O A It = 130° 50' ; r — 0 S095. 
Cleavage : rhombohcdral, perfect. Also massive; granular, to very com- 
pact. 

lI. = 3\5-4*5. G. = 3-3*0S, eryst. ; 2*8, earthy; 3-3*2, when ferriferous. 
Lustre vitreous ; fihrous varieties sometimes silky. Color white, yellowish 
or grayish-white, brown. Transparent— opaque. Fracture flat eonchoidal. 

— Ferriferous* Rreunerite ; oontaining several p. c. of iron protoxide; G. =3-3*2; 
white, yellowish, brownish, rarely blaok and bituminous; often becoming brown on exposure, 
and hence called Rroirn Spar* 

Oomp — Magnesium carbonate, MgCO*= Carbon dioxide 52 4, magnesia 41 0=100, bnt iron 
often replacing some magnesium. 

Pyr., eto.~ B. R. resembles calcite and dolomite, and like the latter is but slightly acted 
upon by cold acids ; in powder is readily dissolved with effervescence in warm hydrochloric 
acid. 

Obs. — Found in talcose schist, serpentine, and other magnesian rocks ; as veins in serpen- 
tine, or mixed with it so as to form a variety of verd-antiqne marble ( magnettiie opkioUU of 
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Stunt) ; also in Canada, as a rock, more or less pure, associated with steatite, serpentine, and 
dolomite. 

Occurs at HrubschiUz in Moravia ; in Styria, and in the Tyrol ; at Frankenstein in Silesia; 
Snaruui, Norway ; Batidiasero and Ca*»tellaiuonte in Piodmouu In America, at Bolton, Mass.; 
at Bareli ills, near Baltimore, Md. ; in Penn., at West Goshen, Chester Co. ; near Texas, Lull- 
caster Co. ; California. 

Mkbititk and Pistomksitk come under tlie general formula ^Mg.FeK'O* ; with the former 
Mg : Fe — 2 ; 1 ; with the latter -1:1. 

SIDE RITE. Spathic Iron. Chalybito. Eisenspath, 

Rhomhohedral. 12 A 12 ~ li>7 (> A 12 — 13G° 37'; c = 0 81715. The 
faces often curved, as below, Cleavage: rliom- , 
bohedral, perfect. Twins: twiimingplane — h. ^ 

Also in hotrvoidal and globular iorms, sub* 
fibrous within, occasioitulix silky librous. Often 
clcavaldo massive, with cleavage planes undu- 
lating. Coarse or fine granular. 

11.— 3*5-4*5. (r.=;3 , 7~31h Lustre vitreous, 

more or less pearly. Streak white. Color ash- 
gray, yellowidi-gray, greenish-gray, also brown 
and browni.sh-red, rarely green ; and sometimes 
white. Translucent— suhtranslucent. Fracture 
uneven, llrittle. 

Oomp., Var.- Iron carbonate, FeCO a Carbon dioxide J7 9, iron protoxide d*3 t. But part 
of the iron usually replaced by niangancKc, mid often by magnesium or calcium. Homo 
varieties centum H 10 p c. MnO. 

The principal varieti* s are the following : 

(1) Ordinary, .a) ( 'ryxtadi:* ti. [it) i'unrnt ionary Sjdu'roxiderife ; in globular concretion*, 
either solid or coneentric scaly, with usually a fibrous stiucturc. (c.) Granular to ruitqmrt man • 
tivr. (d) Oolitic , like oolitic limestone m strut tore. (/•) Ka rthy % or atony, impure from 
mixture with clay or wand, constituting a large part of the clay iron stone of the coal forma- 
tion and other stratified deposits j j|. ,*{ to 7, the last from the silica present ; (j. IPO -d'8, 

or mostly .1 15 J do. 

Pyr., etc. — In the closed tube decrepitates, evolves carlsin oxide and carbon dioxide, 
blackens and becomes magnetic. B.B blackens and fuses at -4 5. With the fluxes reacts for 
iron, and with soda and nitro on platinum foil generally gives a manganese reaction. Only 
glowly acted upon by cold acid, but dissolves with brisk effervescence in hot hydrochloric acid. 

Diff . - Specific gravity higher than that of calcite umi dolomite. B.B. becomes magnetic 
readily 

Obs. — Sidcritc occurs in many of the rock stratA, in gneiss, mica slate, clay slate, and m 
clay iron-stone in connection with the Coal formation and many other stratified deposits. It 
U often associated with metallic ores. At Freiberg it occurs in silver mines in Cornwall it 
Accompanies tin. It is also found accompanying copper and iron pyrites, galenite, vitreous 
copper, etc. In New York, according to Beck, it is almost always associated with specular 
iron. In the region in and about Styria and Carinthia this ore forms extensive tracts in gneiss. 
At Harzgerode in the Harz, it occurs in fine crystals ; also in Cornwall, Alston- Moor, and 
Devonshire; near Glasgow* ; also at Mouillar, Magescotc, etc., in France, etc. 

In the U. States, in Vermont, at Plymouth. In Max*., at Sterling In Oonn . , at Itoxbury. 
In JY. York , at the Sterling ore bed in Antwerp, Jefferson Co. ; at the Itossie iron mines, St. 
Lawrence Co. In N. Varolin/i, at Fentress and Harlem mines. The argillaceous carbonate, 
in nodules and beds (clay iron-stone), is abundant in the coal regions of Penn., Ohio, arid many 
porta of the country. 

RHODOCHBOSITE.* Dialogite. Manganspath, Germ . 

Ithombohedral. A A A = 10G° 51', />aA=13G° 31 c~ 0*3211. 
Cleavage: A, perfect. Also globular and botryoidal, having a columnai 
structure, sometimes indistinct. Also granular massive; occasionally ini 
l>alpable; iocrusting. 
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II.=3 , 5-4-5. G.=3'4-3-7. Lustre vitreous, inclining to pearly. Color 
shades of rose-red, yellowish-gray, fawn-colored, dark red, brown. Streak 
white. Translncent— snbtranslucent. Fracture uneven. Brittle. 

Comp. — MnCOs — Carbon dioxide 38‘3, manganese protoxide 61*7; but part of the man- 
ganese usuallj replaced by calcium, and often also by magnesium or iron ; aDd sometimes by 
cobalt. 

Pyr., etc.— B.B. changes to gray, brown, and black, and decrepitates strongly, but is in- 
fusible. With salt of phosphorus and borax in O.F. gives an amethystine-colored bead in 
R.F. becomes colorless. With soda on platinum foil a bluish-green manganate. Dissolves 
with effervescence in warm hydrochloric acid. On exposure to the air changes to brown, and 
some bright rose-red varieties become paler. 

Obs. — Occurs commonly in veins along with ores of silver, lead, and copper, and with other 
ores of manganese. Found at Schemnitz and Kapnik in Hungary ; Nagyagin Transylvania ; 
near Elbingcrode in the Harz ; at Freiberg in Saxony. 

Occurs in New Jersey, at Mine Hill, Franklin Furnace. Abundant at the silver mines of 
Austin, Nevada ; at Placentia Bay, Newfoundland. 

Named r/uxioc/irosite from a rose , and xp4<nr, color ; and dialoyite , from ?ha\oyh t doubt. 


8MTTHSONIT23. Calamine pt Galmei pt Zinkspath, Germ. 

Rhoinliohedral. R A R = 107° 40', O a R = 187° 3' ; c = 0*8002. R 
generally curved and rough. Cleavage: R perfect. Also reni form, hotry- 
oidnl, or Btalaetitie, and in crystalline incrustations; also granular, and 
sometimes impalpable, occasionally earthy and friable. 

11. = 5. (». = 4-4*45. Lustre vitreous, inclining to pearly. Streak white. 

Color white, often grayish, greenish, brownish-white, sometimes green 
and brown. Subtransparent — translucent. Fracture uneven — imj>erfeetly 
conchoidal. .Brittle. 

Comp., Var. — ZnCO„ ~ Carbon dioxide zinc oxide 048-100; but part of the zinc 

often replaced by iron or manganese, and by traces of calcium and magnesium ; sometimes 
by cadmium. 

Yurie tie*. — v l) Ordinary, [a) Crystallized ; lb'' Mrpmdal and sinlaetitie , common; (c) 
granular to compact, massive; ( d ) earthy , impure, in nodular and cavernous masses, varying 
from gravish whito to dark gray, brown, brownish-red, browuish-black, and often with drusy 
surfaces in the cavities ; “dry -bom*” of American minors. 

Pyr., etc. — In the closed tube loses carbon dioxide, and, if pure, is yellow while hot and 
colorless on cooling. B.B. infusible; moistened with cobalt solution and heated in O.F. gives 
a green color oil cooling. With soda on charcoal gives zinc vapors, and coats the coal yellow 
while hot, becoming white on cooling ; this coating, moistened with cobalt solution, gives a 
green color after heating in O.F. Cadmiferous varieties, when treated with soda, give at 
first a deep yellow or brown coating before the zinc coating appears. With the fluxes some 
varieties reuct for iron, copper, and manganese. Soluble in hydrochloric acid with efferves- 
cence. 

Hiff. — Distinguished from calamine by its effervescence in acids. 

Obs. — Smithsonite is found both in veiuR and beds, especially in company with galeuite 
and blende ; also with oopper and iron ores. It usually occurs in calcareous rocks, and is 
generally associated with calamine, and sometimes with limonite. It is often produced by 
the action of zinc sulphate upon oalcium or magnesium carbonate. 

Found at Nertscliinsk in Siberia ; at Dognatzka in Hungary; Bleiberg and Raibel in Cariu- 
thin; More* net in Belgium. In England, at Roughten Gill, Alston Moor, near Matlock, in 
the Mondip Hills, and elsewhere ; in Scotland, at Leadhills; in Ireland, at Donegal. 

In the U. States, in N. Jersey , at Mine Hill, near the Franklin Furnace. In Penn, , at 
Lancaster abundant ; at the Perkiomen lead mine ; at the Ueberroth mine, near Bethlehem. 
In Wisconsin, at Mineral Point, Shullsburg, etc. In Minnesota* at Ewing's diggings, N. W. 
of Dubuque, etc. In Missouri and Arkansas, along with the lead ores in Lower Silurian 
limestone. 
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Aragonite Group . 


ARAGONITE. 


Orthorhombic 7 A / = 110° 10', O A 1-5 = 130° 60' ; c : l : d = 1*1571 
: 1*6055 : 1. OaU 120° 15', a 1-2 = 137° 15', 14 A 14, top, = 10S° 
26'. Crystals usually having O striated parallel to the shorter diagonal ; 
often tapering from the presence of acute domes and pyramids, which have 
unusual indices. Cleavage: / imperfect; i-l distinct; 11 imperfect. 
Twins: t winning-plane /, producing often hexagonal forms, f. 738, compare 
figures on pp. 06, 07. Twinning often many times repeated in the same 
crystal, pro luring successive reversed layers, the alternate of which may he 
exceedingly thin; often so delicate as to produce by the succession a tine 
striation of the faces of a prism or of a cleavage plane. Also globular, 
reniform, and coral loidal shapes; sometimes columnar, composed of 
straight and divergent fibres; also stalactitic; incrusting. 



738 



i 






H,=3 # 5-4. G. = 2*031, Ilaidingcr. Lustre vitreous, sometimes inclin- 
ing to resinous on surfaces of fracture. Color white ; also gray, yellow, 
green, and violet; streak uncolored. Transparent — translucent. Fracture 
subconchoidal. Brittle. 

Var. — 1. Ordinary. ( a , Crystallized in simple or compound crystals, the latter much the 
most common ; often in radiating group* of aciculor crystals. ( h ) Columnar; a fine fibrous 
variety with silky lustre is called Satin epar. ( c , Massive. Stalactitic or ktalagmitic (either 
compact or fibrous iu structure., as with caloite ; Sjmidelktein is stalactitic from Carlsbad. 
Coralloidal ; in groupings of delicate interlacing and coalescing stems, of a snow-white color, 
and looking a little like coral. 

Comp.— CaCOs, like calcite, —Carbon dioxide 44, lime 56 — 100. 

etc. — B.B. whitens and fulls to pieces, and sometimes, when containing strontia, fin- 
parts a more intensely red color to the (lame than lime ; otherwise reacts like calcite. 

IXfL—Sce calcite, p. 401. 

Ob*. — The most common repositories of aragonite are beds of gypsum, beds of iron ora 
(where it occurs in coralloidal forms, and is denominated jU;k-ferri f "flower of iron'' Eisen- 
Wlithe, Germ. ), basalt, and trap rock ; occasionally it occurs iu lavas. It is often associat'd 
with copper and pyrite, galenite, and malachite. 

First discovered in Aragon, Spain (whence its name), at Molina and Valencia. Sinoa 
found at Bilin in Bohemia ; at Herrengrund in Hungary, l. 738 ; at Baumgarten in Silesia ; 
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at Leogang in Salzburg ; in WaltBch, Bohemia, and many other places. The flotferri variety 
it found in great perfection in the Styrian mines. In Buckinghamshire, Devonshire, in 
caverns ; at Leadhills in Lanarkshire. 

Occurs in serpentine at Hoboken, N. J.; at Edenville, N. Y.; at the Parish ore bed, Kossie, 
N. Y.; at Haddam, Conn.; at New Garden, in Chester Co., Penn.; at Wood’s Mine, Lancas- 
ter Co., Penn.; at Warsaw, III , lining geodes. 

Manoanocalcite.— Composition 2MnC0 a -MCa,Mg)C0 3 , with a little iron replacing part 
Of the manganese. G. =3*037. Color tlesb-red to reddish -white. Schemnitz, Hungary. 


WITHERITE. 


Orthorhombic. 


780 


740 



I A I = 118° 30', 6> A 1-i = 128° 45' ; . c : £ : 4 = 1*246 : 
1*6808 : 1 . Twins : all the annexed figures, com- 
position parallel to /; reentering angles some- 
times observed. Cleavage: / distinct; also in 
globular, tuberose, and botryoidal forms; struc- 
ture either columnar or granular; also amor- 
phous. 

11.-3-0*75. ( r. =4*29 -4*35. Lustre vitreous, 

inclining to resinous, on surfaces of fracture. 
Color white, often yellowish, or grayish. Streak 
white. Sul transparent — translucent. Fracture 
uneven. Brittle. 


Comp.— BaCO, — Carbon dioxide 22 3, baryta 100. 
Pyr., etc. — B.B. at 2 to a bond, coloring the lluine yel- 
lowish green; after fusion reacts alkaline. B B. on charcoal 
with Hoda fuses easily, and is absorbed by the coal. Soluble 
In dilute hydrochloric acid; this solution, even when very much diluted, gives with sulphuric 
acid a white precipitate which is insoluble in acids. 

Diff. — Distinguishing characters: high speeilic gravity ; effervescence with acids; greets 
coloration of the flame 11 It. 

Oba. — Occurs at Alston Moor in Cumberland ; at Fnllowfield, near Hexham in Northumber- 
land ; Taruowitz in Silesia ; Leogang in Salzburg ; Pcgguu in Styna ; some places in Sicily ; 
the mine of Arqueros, near Coquimho, Chili ; near Lexington. Ky., with barite. 

Wi thorite is extensively mined at Fallowtield, and is used in chemical w*orks in the manu- 
facture of plate-glass, and in France m making beet sugar. 

Buommtk. — F ormula as for barytocaleito, but orthorhombic in form. 


BTRONTIANITE. 


Orthorhombic. 


744 


I A 7=117° 19', Oa l-i = 130 o 5'; c : l :d = 1*1883 : 
1*6421 : 1. 0 Al = 125°43',0A 1 -i = 144° 6', 

1 A 1, mac., = 130° 1', 1 A 1, bruch., = 02° 11'. 
Cleavage : I nearly perfect, i-l in traces. Crys- 
tals often acieular and in divergent groups. 
Twins: like those of aragonite. O usually stri- 
ated parallel to the shorter diagonal. Also in 
columnar globular forms; fibrous and granular. 

IL=3*5-4. G. =3*005-3*71 3. Lustre vitre- 
ous ; inclining to resinous on uneven faces of 
fracture. Color pale asparagus-green, apple-green ; also white, gray, yel- 
low, and yellowish-brown. Streak white. Transparent — translucent 

Fracture uneven. Brittle. 
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Oomp. — SrCOj = Carbon dioxide 29 7, strontia 70‘3 ; but a small part of the strontium 
often replaced by calcium. 

Fyr., etc. — B.B. swells up, throws out minute sprouts, fuses only on the thin odfrea, and 
colors the llnrne strontiarod ; the ass:i> reacts alkaline after ignition. Moistomnl with hydro- 
chloric acid and treated either B.B. or in the nuked lamp give** an intense red color. With 
soda on charcoal the pure mineral fuses to a clear glass, and is entirely ulworbed by the coal ; 
if lime or iron be present they are separated and remain on the surface of the coal. Soluble 
in hydrochloric acid ; the dilute solution when treated with sulphuric acul gives a white pre- 
cipitate. 

Diff. — Differs from related minerals, not carbonates, in effervescing with acids; lowor 
specific gravity than wi thorite, and colors the Hume mi. 

Obs. — Occurs at Strontian in Argyleshire ; in Yorkshire, England ; Giant's Causeway, Ire- 
laud; Chiu->thal in the Harz ; Br.iunsdorf, Saxony ; Leogang m Salzburg In the IT. State* 
it occurs at Schoharie, N. Y., in granular and columnar masses, and also in crystals. At 
Hnscalonge Lake; at Chaumont Bay and Theresa, in Jefferson Co., N. Y. ; MitlhnCo., Penn 


CERUSSITE. Weissbleicrz, Bieisimth, (it'rm. 

Orthorhombic. 7 A /= 117° 13', O A 1-v = 130° 9.J' ; r : It : a -- 1*1852 

: 1*6388 : 1. O A 1 - 125° 

46', O A \ } - 14-1° 8\ 1 A 1, 

mac., 130 , 1 A 1, bmclu, = 

92° 19 . Clca\;igt* : / often 

imperfect ; ~-t hsirtllv loss so. 

Crystals usmilU thin, hr<>ml, 
and brittle; sometimes stout. 

Twins: \ery common; twin- 
ning plane /, producing usu- 
ally cruciform or stellate 
forms; aUo le>s commonly, 
twinning- plane /-.l. Rarely 
fibrou*. often granular mas 
eive and compact. Sometime* stalactite*.. 

II. ~3 3*5. (j. — 6*465 6'4v> ; some earthy varieties as low as 5*4, 

Lustre adamantine, inclining to vitreous or resinous; sometimes pearly; 
sometimes siibmetallie, if t lit? eolors arc dark, or from a superficial change. 
Color white, giay, grayish black, sometimes tinged blue or green b\ some 
of the *alt> of copper; streak uncolored. Transparent •subtranslueont. 
Fracture conchoidal. V Try brittle. 

Oomp. — PbCOj-- Carbon dioxide lfi Ji, lead oxide HU *5 100. 

Pyr., etc.— In the closed tube decrepitate*, lows carbon dioxide, tuniH flr*fc yellow, and at 
a higher temperature dark red, but liecomc* yellow again on cooling. B B. on charcoal fuse* 
rery easily, and m ILF. yields metallic lead. Soluble in dilute nitric acid with efFcrvcHoenee. 

Diff. — I’nlikc anglcHite. it effervesces with nitric acid. Characterized by high specific 
gravity, and yielding lead B. B. 

Obs. — Occurs in connection with other lead mineral*, and i* formed from galenite, which, 
as it passes to a sulphate, may be changed to carUmute by inean* of aolution* of calcium 
bicarbonate. It is found at JohanngeorgeriMtadt ; at XertHchiimk ami Be re ho f in Siberia; at 
Clausthul m tin* liarz ; at Bleiberg in Carmthia ; at Mien and Przibram in Bohemia ; at Rets- 
hanya. Hungary ; in England, in Cornwall; near Matlock and Wirk*worth, Derbyshire; at 
Leadhills. Scotland; in Wicklow, Ireland. 

Found in l*rnn . at Phenixville ; at Perkiomen. In .V. York , at the Howie lead mine. In 
Yir(fini>i, at Austin's mine*. Wythe Co. In A r (Jar* Aina, at King’* mine, Davidson Co. , good. 
In Wisconsin and other leAd mine* of the northwestern States, rarely in crystals; near the 
Blue Mounds, Wise., in stalactites. 
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BARYTOCALCITE. 

Monoclinic. C = 73° 52', /A /= 106° 54', (9 A 1-i = 149 u ; c : T > : a — 
0*81035 : 1*295.83 : 1. Cleavage: /, perfect; (9, less perfect ; also massive. 

11. =4. (J.= 3*6363-3*60. Lustre vitreous, inclining to resinous. Color 

white, grayish, greenish, or yellowish. Streak white. Transparent — 
translucent. Fracture uneven. 

Oomp. — (Ba,Ca)COi, where Ba : Ca=l : 1 — Barium carbonate 60 '3, calcium carbonate 
88-7- 100. 

Pyr., etc.— B.B. colors the flame yellowish -green, and at a higher temperature fuses on 
the thin edges and assumes a pale green color ; the assay reacts alkaline after ignition. With 
the fluxes reacts for manganese With soda ou charcoal the lime is separated as an infusible 
muss, while, the remainder is absorbed by the coal. Soluble in dilute hydrochloric acid. 

Obs. — Occurs at Alston-Moor in Cumberland, in the Subcarboniferous or mountain lime* 
stone. 

Pahibitk.- A carbonate containing cerium (also La,I)i>, and calcium with 6 p. c. fluorine. 
Exact, composition uncertain. In hexagonal crystals. Color brownish -yellow. Muso valley, 
New <lranada. Kihciitimitio, from the gold washing of the Barsovska river, Urals, is similar 
in composition, hut contains no calcium. 

Bastnasitk (Harnartite). — Composition 2RCO, f It F , with R — Ce : La - 2 : 3. Analysis, 
NordeimkibM, CO, 10*50, LaO 45-77, CeO 28-43. 11,0 1 01, F.O, <5*23)~100. Found in small 
masses imbedded between allanite crystals. Itiddarhyttan, Sweden. 

FHOSOENITE. Blcihornerz, Germ . 

Tcti agonal. () A 1-7 = 132° 37'; c = 1*0871. Cleavage: / and i-i 
bright ; also basal. 

II. -2*75-3. (L =.(>-(> 31 . Lustre adamantine. Color white, gray, and 
yellow. Streak white Transparent — translucent. llather sect ile. 

Oomp. — PbOOad PbCl-i Lend carbonate 49, lead chloride 51 — 100, or lead oxide 81 -9, car- 
bon dioxide 81, chlorine 13*0 102 9. 

Pyr., etc.- B B melts readily U> a yellow globule, which on cooling becomes white and 
crystalline. On charcoal in K.F. gives metallic lead, with a white coating of lend chloride. 
With a salt of phosphorus bead previously saturated with copier oxide gives the chlorine 
reaciiou. Dissolves with effervescence in nitric acid. 

Obs. — At Cromford near Matlock in Derbyshire ; very rare in Cornwall ; in large crystals 
at OibbaM and Moutepoui in Sardinia ; near Bobrek in Upper Silesia. 


Hydrous Carbonates. 

TRONA. 

Monoclinic. O A i-i = 103° 15'. Cleavage: i-i perfect. Often fibrous 
or columnar massive. 

II. =2*5-3. G.==2*ll. Lustre vitreous, glistening. Color gray or yel- 

lowish-white. Translucent. Taste alkaline. Not altered by exposure to 
n dry atmosphere. 

Oomp.— Na«C 3 0* 4- 3aq= Carbon dioxide 40*2, soda 87 8. water 22-0. 

Pyr., etc. — In the closed tube yields water and carbon dioxide. B.B. imparts an intensely 
yellow oolor to the flame. Soluble in water, and effervesces with acids. Reacts alkaline 
with moistened test paper. 

Obs. — The specimen analysed by Klaproth came from the provinoe of Suckenna, two days 1 
journey from F exsen, ica. To this species belongs the urao found at the bottom of a lake 
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fan Maracaibo, S. A. , a day’s journey from Merida. Efflorescences of trona occur near ths 
Sweetwater river, Rocky Mountains, mixed with sodium sulphate and common salt 
Natkon or Soda (sodium carbonate, Na,CO$ + 10oq). Tukiwokatiutk, NiVjCO*-f a<j. 
Tescu^uaciieiute, Ammonium carbonate. 


GAY-LUSSITE. 

Monoclinic. 6 r = 7S° 27', /a / = 6S° 50' and 111 0 10', 0 A l-l = 125° 
15 ' ; c : b : d = 0*96945 : 0-67137 : 1. 
l-l A 1-i, adj., = 109° 30', 4 A £ = 1 10° 

30'. Crystals often lengthened, and 
prismatic in the direction of 1-i ; also in 
that of £ ; also(fr. Nevada) not elongate, 
hnt thin in the direction of the orthodia- 
gonal, O being very narrow or wanting; 
surfaces usually uneven, being formed 
of minute subordinate planes. Cleav- 
age : / perfect ; O less so, hut giving a 
reflected image in a strong light. 

II. = 2-3. (4. = 1*92-1 *99. Lustre vitreous. Color white, yellowish- 

white. Streak uncolored to grayish. Translucent.. Fracture conchoidal. 
Extremely brittle. Not phosphoiVM'unt by frietion or heat. 

Comp. — Na a COa + CaCO s + 5aq= Sodium carbonate 515-9, calcium carlK>nat« Jill K, water 
8051 = 100 . 

Pyr., etc. — Heated in a matrass the crystals decrepitate and become opaque. H H fuses 
easily to a white enamel, and colors the flame intensely yellow. With the fluxes it behaves 
like calcium carbonate. Dissolves in acids with a brisk cfTervoHuence ; partly soluble in water, 
and reddens turmeric 

Obs. — Abundant at Lagunilla, near Merida, in Maracaibo, where its crystals are dissemi- 
nated at t he bottom of a small lake, in a bed of clay, covering unto ; the natives call it davoa 
or nail* % in allusion to its crystalline form. Also on a small islutid in Little Salt Lake, near 
Ragtown, Nevada, alnnit 14 in. S of the main emigrant rood to Humboldt. The lake is in a 
crater shaped basin, and its waters are dense and strongly saline. 

The distorted crystals from Sanger hausen have been long considered psoudomorplm after 
gay-lu^sife, though Des Hoizcaux regards I hern as ffseudomorphs after celestite. Oroth 
regards them as perhaps pscudomorphs after anhydrite. See also thinolite, p. 4JIH. 


747 
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HYDROMAGNESITE. 

Monoclinie, C = 82°-S3°, /a/= 87° 52'-8S°, OA2-i = 137 0 
: d = (nearly; 0*455 : 1*0973 : 1. Crystals Hinall, usually 
acicular or* bladed, and tufted. Also amorphous; as 
chalky or mealy crusts. 

II. of crystals 3*5. G. = 2*145-2*18, Smith & Brush. 

Lustre vitreous to silky or subpearly ; also earthy. Color 
and streak white. Brittle. 

Oomp.— 3 MgC 03 + H a Mg0 3 -h3aq= Carbon dioxide 36 8, magnetia 
48*9, water 19*^=100. 

Pyr.. etc. — In the closed tube gives off water and carbon dioxide. 

B.B. infusible, but whitens, and the assay reacts alkaline to tui meric 
paper. Soluble in acids; the crystalline compact varieties are but 
•lowly acted upon by cold acid, but dissolves with effervescence in hot 
acid. 


A:b 




410 


DESCRIPTIVE MINERALOGY. 


Obs — Occurs at Hrubschitz, in Moravia, in serpentine ; in Negroponte, near Kami ; at 
Kainerstuhl. in Baden, impure. In the U. States, near Texas, Lancaster Co., Penn. ; at 
Hoboken, N. J. 

Hydiiodolomite. — Composition 3(Ca Mg;C0 3 -i-aq. From Mt Somma. Prnnite from 
Texas, Pa. . is similar. 

PitunAZzm; and Pkncatitk are mixtures of calcite and brucite. Tyrol. 

Dawhonitk. — In thin-hladed, white, transparent crystals on trachyte. H. =3. G. =2*40. 
Analysis, Harrington, A10 a 32 84, MgO tr., CaO 51)5, Na.,0 20*20, K.O 0 38, H v O 11*91, COj 
29*88, SiOa 0*40 - 101 *50. Regarded as *• a hydrous carbonate of aluminum, calcium, and 
sodium ; or perhaps as a hydrate of aluminum with carbonates of calcium and sodium.* 1 
Montreal, Canada. 

Hovitk.— Supposed to be a hydrous carbonate of aluminum and calcium. Soft, white, 
and friable; earthy in fracture. From Hove, near Brighton, with collyrite. 


LANTHANITB. 

Orthorhombic. /A 7=93° 3o'~ 94°, Make, 92° 46', v. Lang; 7/*l = 
142° 30' ; c : b : d = 0*9081)8 : 1*0490 : 1, v. Lang. In thin four-sided 

! dates or minute tables, with bevelled edges. Cleavage micaceous. Also 
ine granular or earthy. 

ll. = 2*f> — 3. Ci. = 2*600. Lustre pearly or dull. Color grayish-white, 
delicate pink, or yellowish. 


Oomp — LaCOa ^-3aq — Lanthana 52*0, carbon dioxide 21*3, water 2(H = 100. There is 
some oxide of didymium with tin* lanthana. according to Smith. 

Pyr., «tc. — In the closed tube yields water. B.ll. infusible ; but whitens and becomes 
opaque, silvery, and brownish; with borax, a glass, slightly bluish, reddish, or amethystine, 
on cooling ; with salt of phosphorus a glass, bluish amethystine while hot, red cold, the 
Ooad becoming opaque when but slightly heated, and retaining a pink color. Effervesces in 
the acids. 

Ob*. -Found coating cerite at llastnils, Sweden; also with the zinc ores of the Sau con 
f alley, Lehigh Co., Pa. ; at the Sandford iron-ore bed, Moriah, Essex Co . N. Y. 

T KN O K lit TE.-- Yttrium carbonate. As a coating on gadolmite trom Ytterbv. 

ZaHATITK. Emerald Nickel, SUUman. Niekelsmaragd, Germ . — t omposition NijC0 6 -t- 
Oaq, or NiCO* 4 2H NiO. t 4nq. This requires; Carbon dioxide 11*8, nickel oxide 59 3, 
water 28*9 -100. Usually as an emerald -green coating; thus on chromite at Texas, Penn., 
where it was first, noticed ; Swiuauess, Shetland; Cape Ortegal, Sjiain. 

Bum I N (1 TON IT E. — A hydrous cobalt carbonate. Finkshurg, Md. 


HYDROZINOITB. ZinkblUthe, Gen n. 

Masai ve, earthy or compact. Aa incrustations, the crusts sometimes con- 
centric ami agate-like. At times renifurm, pisolitie, stalaetitie. 

II. = 2 -2*5. G. =3*58-3*8. Lustre dull. Color pure white, grayish or 
yellowish. Streak shining. Usually earthy or chalk-like. 


Oomp. — In part ZnOO> 4-2H«ZnO.~ Carbon dioxide 13*6, zinc oxide 75*3, water 11*1 = 100. 

Pyr., etc. — In the closed tube yields water ; in other respects resembles smithsonite. 

Obs. — Occurs at most mines of zinc, and is a result of the alteration of the other ore* of 
this metal. Found in great quantities at the Dolores mine. Udias valley, province of Santan- 
der, in Spain ; at Bleiberg and Raibei in Carinthia; near Reimsbeck, in Westphalia 

In the U. States, at Friedensviile, Pa.; at Linden, in Wisconsin; in Marion Co., Arkansas 
(marionits) . 

Aukiciialcitk. — A cupreous hydrozincite. UsuaUy in drusy incrustations. Altai : 
Matlock, Derbyshire; Spain ; Lancaster, Pa. 
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MALACHITE. 


Monoelinie. C = 88° S2\ I A /= 104° 28', i-i A - 
vicli; c\b i d — 0*51155 : 1*2003 : 1. Common 
f.750; also same with other terminal planes; also with 
i-i wanting; also with a'-/, i-i very large, making a reet 
angular prism ; also with the vertical ’ ‘ 

as in f. 321. Crystals rarely simple, 
plane i-i y f. 750; often penetration twins, as in f. 321, 
322, p. 99. Cleavage: basal, highly perfect; clino- 
diagonal less distinct, equally massive or ineriisting, 
with surface tuberose, botryoidal, or sfalactitic, and slrue- 


1 -i = 118° 15', Zcpharo 
form 

750 


1 ^rism very short, 
'Iwins: twinnin«r- 


v\ 


ture divergent ; often delicately compact fibrous, and 
banded in color; frequently granular or earthy. 

II. =3*5-4. Ci. = 3* 7- 4*01. Lustre of enstals adaman- 
tine, inclining to vitreous ; of librous varieties more or 
less silky ; often dull and earthy. Color bright green. Streak paler green. 
Translucent — subtransluoent --opaque. Cruet ure subuotichoidal, uneven. 


Comp. — Cu a C0 4 + II*0 CuCO* }H a CuO a ~ Carbon dioxide 10 0, copper oxide 71 0, water 

fi'2=100. 

Pyr., etc. — In the closed tube blackens and yields water. B 11 fuses at 2, coloring the 
flame emerald-green ; on charcoal is reduced to metallic copper; with the fluxes reacts like 
tenorite. Soluble in acids with effervescence. 

Eift — Differs from other eopjHir ores of a green color in its effervescence with acids. 

Obs. — Green malachite accompanies other ores of copper. Perfect crystals are quite rare. 
Occurs abundantly in the Urals; at Ghessy in Prance ; at Sehwatz in the Tyrol ; in Cornwall 
and in Cumberland, England ; Snmilodge copper mine, Scotland ; Limerick, Waterford, and 
elsewhere, Ireland ; at Grirnberg. near Siegen in Germany. At the copper mines of Nischno- 
Tagdsk, Uilouging to M. Demidolf, u bed of maluchite was opened whic h yielded many tons 
of malachite*. Also in handsome masses at Bembe, on the west coast of Africa ; with tho 
copper ores of Cuba ; Chili ; Australia. 

In A. Jer*ey, at New Brunswick. In Pen rno/lntuut, near Morgantown, Berks Comity ; at 
Cornwall, Lebanon Co. ; at the Perkiomen aud Phemxvdlo lead mines. In Wfanmnin , at tho 
copper mines of Mineral Point, and elswhere. In California , at Hughes's mine in Calaveras 
Cc. 

Green malachite admits of a high polish, and when in large masses is cut into tables, snuff- 
boxes, vases, etc. Named from ua/Jix'U /nu&uf*, in allusion to the green color. 

Cui'Bocalcite. — M assive. H. =rU. G. 3 i>0. Color vermilion-red. Analysis, Kuytnondi, 
Cu,G £0 45, CaO 20 10, CO a 24 00, 11,0 3*20, KeO, 0*00, MO, 0 20, MgO 0 07, SiO a 0 30~ 
00 80. Ocean with a ferruginous culcite at the copjHjr mines of Canza m Peru. 


A2URITE. Kupfcrlasur, Germ. 

Monoelinie. O == 87° 39' ; /a 99 ’ 32', Oh 1-i = 138° 41'; c : bid 
= 1*039 : 1*181 : 1. O usually striate*! parallel with the elinodiagoiial. 
Cleavage: 2-i rather perfect; i-i distinct ; / in traces. Also massive, 
and presenting imitative shaj>es, having a columnar composition ; also dull 
and earthy. 

II.=3*5-4*25. G. =3*5-3*831. Lustre vitreous, almost adamantine. 
Color various shades of azure-blue, passing into Berlin-blue. Streak blue, 
lighter than the color. Transparent — subtj-analucent. Fracture conehoidal 
Brittle. 
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Comp. — CuaCaOi 4- H a 0=9CuC0i + H a Cu 03 = Carbon dioxide 25 6, copper oxide 99 % 
water 5 2=100. 

Fyr-, etc. — Same an in malachite. 

Obs.— Occurs at Chessy, near Lyons, whence its name Chcstty Copper. Also in Siberia ; at 
Hoidava in the Bunat ; at Wheal Duller, near Redruth in Cornwall* also in Devonshire and 
Derbyshire. 

In J*enn. % at the Perkiomen lead mine; at Phenixville, in crystals; at Cornwall. In WU 
Corwin , near Mineral Point In California , Calaveras Co., at Hughes's mine. 

According to Schrauf, who has given a crystallographic monograph of the species, the force 
Is oioaely related to that of epidote (Bcr. Ak. Wien, July 3, 1871). 


BISMUTH’!). Wismuthspath, Germ. 

In implanted acicular crystallizations (pseudomorphous) ; also incrusting 
or amorphous; pulverulent. 

ll.=4-4*5. (L = 0*80-0 *009. Lustre vitreous, when pure; sometimes 
dull. Color white, mountain-green, and dirty siskin-green ; occasionally 
straw-yellow and yellowish-gray. Streak greenish-gray to colorless. Sub- 
translucent — opaque. Brittle. 

Oomp. — 2Ri h CuOin f DIIjO, Rainm. (S. Carolina) = Carbon dioxide 6*38, bismuth oxide 
80*75, water 3 87 ~ 100. 

Pyr., etc. — In the closed tube decrepitates anl gives off water. B.B. fuses readily, and on 
charcoal is reduced to bismuth, and coats the coal with yellow bismuth oxide. Dissolves in 
nitric acid, with slight effervescence. Dissolves in hydrochloric acid, affording a deep yellow 
solution. 

Obs. — Bisrnutite occurs at Behneeborg and Johanngeorgeiiotadt ; at Joachimsthal ; near 
Baden ; also in the gold district of Chesterfield, 8. C. ; in Gaston Co. , N. C in yellowish- 
white concretions. 

LiumoiTh; VuOLlTK (Urankolk, Germ.). — Carbonates of uranium and calcium, from the 
decomposition of urauinite. Exact composition doubtful. ScuudCKlNiiEKlTK is an oxycar* 
bonate of uranium (Schrauf). Orthorhombic. Occurs in six-sided tabular cry stals. Joachims 

thoL 


Whkwkli.ITK. — An oxalate of calcium. In minute mouoclinic crystals on calcite. 

HUMlJOLDTiTK. — A hydrous oxalate of iron, 2FeCn0 4 + 3aq. Compact; earthy. lu brown- 
ooal of Koloseruk, near Bilin; also in black shales at Kettle Point; in Bosanquet, Canada. 

Mkllitu (Houigstein, Germ . ). — Tetragonal. In octahedrons ; also massive, honey -yellow, 
reddish, or brownish, rarely white. A1 CuOn + lbaq — Alumina 14 36, mellitic acid 40*30, 
water 45 34 — 10*). Artem, Thuringia; Luachitz, Bohemia; Walchow, Moravia; Nertschinak, 
•to. 
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VI. HYDROCARBON COMPOUNDS 


The Hydrogen-Carbon Compounds include (1) the simple hydrocarbons; 
and (2) the oxygenated hydrocarbons. 

1. The simple hydro CARiioNs embrace : 

(a) The Marsh Gas series. General formula 0„lIt»n+2' Here belong the 
liquid imvht/ms, the more volatile parts of petroleum; also the butter-like 
solids avheererite and 

Petroleum — Mineral oil. Kerosene llorgdl, Stein »!, Erd *1. Own Petroleum is a think to 
thin fluid Color yellow or brown, or colorless ; translucent to transparent. Tim specific gruvity 
varies from 07 to 0 0. Chemically it consists essentially of carbon and hydrogen ; contain- 
ing several membeis of the naphtha group, as also the oils of the ethylene series, and the 
paraffins. The proportion of the latter constituent* increases with the increase of the density 
or viscidity of the fluid It grades insensibly into pittasphalt. and that into solid bitumen. 

Occurs in rocks or dc]H>stts of nearly all geological ages, irom the Lower Silurian to the 
present epoch. It is associated most abundantly with argillaceous shales and sandstones, but 
is found also permeating limestones giving them a bituminous odor, and rendering them 
sometimes a considerable source of ml. From these uli I crons shales and limestones the oil 
often exudes, and appears floating on the streums or lakes of the region, or rises in oil springs. 
It also exists collected in subterranean o ivitics in ceriaiu rocks, whence it issueM in jets or 
fountains whenever an outlet is made bv boring. These cavities are situated mostly along 
the course of gentle anticlmals in the rocks of the region ; and it is thciefore probable, ns has 
been suggested, that they originated for the most, part in tin* displac 'incuts of the stiata caused 
by the slight uplift The oil which fills the cavities has ordinarily been derived from the 
subjacent rocks; for the strata, m which the cavities exist, arc freqii'iitly barren sandstones. 

Obtain**] in larg*- quantities from the oil wells of IVimsyl vuiua ; also found in eastern Vir* 
ginia, Kentucky, Ohio. Illinois, Michigan, and New York, in Canada, ut several places; in 
southern California ; in Mexico ; Trinidad. 

Some well-known foreign localities are : Rangoon, Burmah ; western shore of the Caspian 
Sea; m Parma, Italy ; S.cily ; Galicia; Tcgcrnsee, Bavaria ; Hanover. 


( h ) The Olefiant or Ethylene scries. General formula O n II 2n . Here 
belong the pittolimu group of liquids, or jflttaxp/uUt* (mineral tar/, and the 
paraffin*- 

Paraffin group. — Wax-like in consistence ; white and translucent. Sparingly soluble in 
alcohol, rather easily in ether, and crystallizing more or less perfectly from the solution*. G. 
about 0 So -O tH. Melting point for the following sjsjcics, dd'-ilO'. The different specie* 
varying in the value of n, vary' also in boiling point, and^ither characters. 

Paraffins occur in the Pennsylvania petroleum, a freezing mixture reducing the tempera- 
ture being sufficient to separate it in crystals. Also in the naphtha of the Caspian, in Ran- 
goon tar. and many other liquid bitumens. It is a result of the destructive distillation of 
peat, bituminous coal, lignite, coaly or bituminous shales, most viscid bitumens, wood-tar, 
and many other substances. 

The name is from the Latin parum , little , and njllnie, alluding to the feeble affinity for othei 
substances, or, in other words, its chemical in difference. 

To the Paraffin Group belong : 

Urpetuite. — Consistency of soft tallow. Melting point 30° C. Soluble in cold ether. 
Urpeth Colliery. 



414 


DE8CBIPTIVK MrTfERALOO * 


Hatciiettitk. — In thin platen or massive. Color yellowish, or greenish-white ; blacken* 
on exposure. Melting point 40° C In the coal-measures of Glamorganshire ; Rossitz, 
Moravia. 

Ozocerite.— Like wax or spermaceti in appearance and consistency. G. = 0*85-0 *90. 
Odorless to white when pure; often leek-green, yellowish, brownish -yellow, brown. Trans 
lucent. Greasy to the touch. Fusing point 56° to 011° C. Occurs in beds of coal, or associ- 
ated l ituinimuH deposits ; that of Slunik, Moldavia, beneath a bed of bituminous clay shale ; 
in mosses of sometimes 80 to 100 lbs., at the foot of the Carpathians, not far from beds of 
ooul and salt; that of Boryslaw in a bituminous clay associated with calciferous beds in the 
formation of the Carpathians, in masses. The same compound has been obtained from mine- 
ral coal, peat, and petroleum, mineral tar, etc., by destructive distillation. Named from 
tmuil, ami *//**«*, imz % in allusion to the odor. 

Eeatkwte. — Massive, soft, elastic; often like india-rubber, though sometimes hard and 
brittle. It is found at Castleton in Derbyshire, in the lead mine of Odin, along with lead ore 
and cnlcite. in compact reniform or fungoid masses, and is abundant. Also reported from St. 
Bernard's Well, Edinburgh, etc. 

Zikthibikitk and Pyuopibsitk belong here. 


(c) The Camphenc Scries. General Formula CJIan-^. 

FlCTTTKMTE —In white monoclinic crystals. Brittle, Solidifies at 30® C. Soluble in ether. 
The mineral occurs in the form of shining scales, flat crystals, and thin layers between the 
rings of growth and throughout the texture of pine wood (identical in species with the modern 
l*inun nyltfMrit() from peat beds in the vicinity of Kedwitz in the Fichtelgebirge, North 
Bavnria. In peat near Sobeslau; in n log of Pinus Australis. 

IIaiititk. — R esembles fichtelite. but melts at 74 -75 C. Found in a kind of pine, like 
fichtclitc. but of a different siss ies, the l*rure ncerom Unger, belonging to an earlier geological 
epoch. From the brown-coal beds of Oberhart, near Gloggnitz, not far from Vienna. Reported 
also from Rosenthal near Kofluch in Styria, and Pravali in Carmtbia. 

DlNlTK and IxoLYTK belong here. 


{(f) The Benzole Series, General Formula CnTI^.g. Including the 
Benzole liquids and Koni.ite from Uzuach. and Red wit z. 

{e) The Nuphthalin Series. .General Formula ( 1 n lI <Jn _ l2 . 

NArnTHALiN. — Occurs in Rangoon tar. Idkiamtk, crystalline in the pure state. Color 
white. In nature found only impure, being mixed with cinnabar, clay, and some pynte and 
gypsum in a brownish -black earthy material, colled from its combustibility and the presence 
of mercury, inflammable cinnabar (Quecktilbcrbrandtrz). Idria, Spain. Akagotitk, from 
New Almadon Mine, Cal., is related to idrialite. 


2. The Oxygenated Hydrocarbons embrace different groups having 
ratios of C : 11 varying from 1:2 to 5 : 5J, or less. Some of the mere 
important are : 


Grockiutk. Wax-like. Color white. Melting point near 80* C. ; after fusion solidifies as 
a yellowish wax. hard but not very brittle. Soluble in alcohol of 80 p. c. — Carbon 

70*24, hydrogen 18 *21, oxygen 7*55=: 100. From the same dark-brmm brown coal of Gester- 
witz that afforded the geomyricite, and from the same solution. 

Gkomyricitk. — Wax -like. Obtained in a pulverulent form from a solution, the grains con- 
listing of aoioular crystals. Color white. Melting point 80 -88 C. After fusion has the 
aspect of a yellowish brittle wax. Soluble easily in hot absolute alcohol and ether, but 
slightly in alcohol of 80 p. c. C,«Ht,0,= Carbon 80*59, hydrogen 13*42, oxygen 5*99=100. 
Bums with a bright flame. Occurs at the Gesterwits brown coal deposit, in a dark brown 
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SUCCINITE. Amber. Suocin, Ambre, Fr. Bernstein, Gem t. 

In irregular masses, without cleavage. 11. — 2-2*5. G.=rl*0l 15-1 *081. 
Lustre resinous. Color vellow. sometimes mUlish, brownish, and whitish, 
often clouded. Streak white. Transparent - translucent. Tasteless. Klee- 
tr*c on friction. Fuses at 287° C., hut without becoming a tlowing liquid. 

Comp. — Ratio for C : H : 0—40 : 04 : 4 — Carbou 78 04, hydrogen 10 ‘bit, oxygon 10’53=r 
100. But amber is not a simple rosin. According to Berzelius, it. consists mainly (8b to 00 
p. c.) of a resin which resists all solvents (properly the species succinite), along with two otbftl 
resins soluble in alcohol and ether, an oil, and 2^ t o 0 p. e. of succinic acid. Amber is hardly 
acted on by alcohol. Bums readily with a yellow llamc, emitting an agreeable odor, and 
leaves a black, shining, carbonaceous residue. 

Obs. — Occurs abundantly on the Prussian coast of the Baltic; occurring from Dantzig to 
Memel; also on the coast of Denmark and Sweden; in Galicia, near Lemlierg, and at Misiau ; 
in Poland; in Moravia, at Boskowitz, etc. ; in the Urals, Hussiti ; near Christiania, Norway; 
in Switzerland, near Bale; in France, near Paris, in clny. In Knglund, near London, and on 
the coast of Norfolk, Essex, and Suffolk, in various parts of Asia. Also near Catania, on 
the Sicilian coast. It has lieen found in various parts of the Green sand formation of the 
United States, either loosely imbedded in the soil, or engaged in marl or lignite, os at Gay 
Hoad or Martha’s Vineyard, near Trenton, and ulso at Camden in New Jersey, and ut Capo 
Sable, near Mugothy river in Maryland In the royal museum at Berlin there is a mass 
weighing 18 lbs. Another in the kingdom of Avu, India, is m arly as large as a child's head, 
and weigh* 2^ lbs 

It is now fully ascertained that amber is a vegetable resin altered by fossilizut mu. This 
is inferred both from its native situation with coal, or fossil wood, and iioiu t occurrence 
of insecLs incused in it. Ot these inserts, some appear evidently to have struggled alter being 
entangled in the then viscous lluid ; and occasionally a leg or a wing is found some dimunco 
from the body, which had been detached in the effort to escape. 

Amber was early known to the undents, and called ;//r<.rpoe, eWtrum, whence, on account 
of its electrical susceptibilities, we have derived the word dectiidtj/. it was named by some 
lyncurium, though this name was upplied by Theophrastus also to a stone, probably to zircon or 
tourmaline, both minerals of remarkable electrical profHirties. 

Other related resins are: Coi'AlJTE (rrtitttic pt ) from Highgato Hill, near Loudon; 
Khantzitk. Nienburg; Wam'iiowitk. Walehow, Moravia ; AMimiTh. N Zealand; Bath- 
VIIiI.ITK, occurring m the torh*uut*\ or Boghead coal of Bathville, Scotland ; (otbauiU is 
related to it. Sikuiu itotTK, miiuaijkite, Amiiiiosi.sk, Di xcik. 

Xyloretwitk (hartine) — C : II : 0 40 : 04 : 4. BmimrciTK, C : H O III : 7 : 1, in 
lignite in the valley of the Arno, Tuscany. Lm ron.'i iiitk. 0 : H : O fiO : 84 : II. Ges- 
terwitz. near Weissenfels. KrosMlTE. C : II : O . 114 : 20 : 2, from the brown coal at Baicrshof 
in the Fiehtelgobirge. Rohthoknitk. C : II : O 24 : 40: 1. In coal at Honnlmrg, Garin- 
thia. The above species are soluble in ether. 

Scleketinite.— C : H : 0 -40 : 04 : 4. Insoluble in ether. Wigan, England. 

PyROUKTINITE, jAUUNOrTE, IiKUBHINITK, GUYAQUJLLITK, WlIKKLKRITE (New Mexico), 
etc. Ratio of C : H— 5 : 7 to 5 : tty. 

Middletomte, Stanekite, Anturacoxknite, Ratio of C : 11=5 : 5J or 1 cm. Insola* 
able in ether or alcohol. 

Tabmanite and DrsonrLE are remarkable in containing snlpbnr, replacing part of th« 
oxygen. 

The Acid Oxygenated IIydkocaedo.nb include Butyrellite (Bogbutter), 
Bnccinellite, Dopplerite, etc., etc. 
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APPENDIX TO HYDROCARBONS. 


A8PHALTUM. Bitumen. Asphalt, Mineral Pitch. Bergpech, E dpcch, Oeim. 

Afiphaltum, or mineral pitch, is a mixture of different lndrocarbone, part 
of which are oxygenated, its ordinary characters are as follows: 

Amorphous. ( ».= 1 —1*8 ; sometimes higher from impurities. Lustre 
like that of black pitch. Color brownish-black and black. Odor bitumi- 
nous. Melts ordinarily at 00° to 100° C., and burns with a bright flame. 
Soluble mostly or wholly in oil of turpentine, and j tartly or wholly in ether; 
commonly j tartly in alcohol. 

The more solid kinds graduate into the pittasphalts or mineral tar, and 
through these there is a gradation to petroleum. The fluid kinds change 
into the solid hy the loss of a yaporizable portion on exposure, and also by 
a process of oxidation, which consists flrst in a loss of lndrogen, and linally 
in the oxygenation of a portion of the mass. 

Obs, — Asplmltum belong* to rocks of no particular ngo. The most abundant deposits are 
superficial. Uut. these are generally, if not always, connected w ith rock deposits containing 
some kind of bituminous material or vegetable remains. 

Some of the noted localities of asphaltum are the region of the Dead Rea. or Lake Asphal- 
tites, on Trinidad ; at various places m S America, as at Caxitambo, Peru ; at Rerengela, 
Peru, not far from Ariea (8.); in California, near the coast of St. Barbara. Also in smaller 
quantities, sometimes disseminated through shale, and sandstone rocks, and occasionally lime- 
stones, or collected in cavities or seams in these rocks ; near Matlock, Dcrbj shirt ; Poldice 
mine in Cum wall ; Val de Travers, Neuchatel ; impregnating dolomite on the inland of Brazza 
in Dalmatia ; iu the Caucasus ; in gneiss and mica schist in Sweden. 

The following substances are closely rolntcd to asphnltura, and, like it, are mixtures of un- 
determined carhohydrogens. 

Gkauamitk, Wurtt — Resembles the preceding in its pitch-black, lustrous appearance; H. 
•=2; G. 1145. Soluble mostly in ml of turjHUitine ; partly in ether, naphtha, or benzole; 
not at all in alcohol ; wholly in chloroform and carbon disulphide. No action with alkalies or 
hot nitric or hydrochloric acid. Melts only imperfectly, and w'ith a decomposition of the 
surface ; hut in this state the interior may he drawn into long threads. Occurs in W. Vir- 
ginia, about 20 m. in an air line S. of Parkersburg, tilling a fissure (shrinkage fissure) in a 
sandstone of the Carboniferous formation ; and supposed to be, like the albertite, an inspis- 
sated and oxygenated petroleum. 

Amikiititk, IiM — Differs from ordinary osphaltum in being only partially soluble in oil 
of turpentine, and in its very imperfect fusion when heated. It has II. = 1-2 ; G. = 1*007: 
lustre brilliant, pitch like ; color jet-black. Softens a little in boiling water; in the flame of 
a candle show's incipient fusion. According to imperfect determinations, only a tract soluble 
In alcohol ; 4 p. c. m ether ; 80 in oil of turpentine. Occurs filling an irregular fissure in 
rocks of the Suhcarhouifrrous age (or Lower Carboniferous' in Nova Scotia, and is regarded 
as an inspissated and oxygenated petroleum. This and the above are very valuable iu gas- 
making. 

Piavzitk. — A n asphalt-like substance, remarkable for its high melting point, 815" C. It 
occurs slaty massive ; color browmish- or greenish-black ; thin splinters colopbonite-brown by 
transmitted light ; streak light browm, amber- brown ; H . = l *5 ; G. = 1*220; 1 180, Kenngott. 
It comes from a bed of brown coal at Piauze, near Neustadt in Camiola ; on Mt. Chum, neat 
Ttiffer in Styria 

WoLi.oNGONorrR, SilUmnn , — Occurs in cubic blocks without lamination. Fracture broad 
ocmchoid&l. Color greenish- to brownish -black. Lustre resinous. In the tube does nH melt, 
but decrepitates and gives off oil and gas ; yields by dry distillation 82 5 p. c. volatile matter 
Insoluble in ether or benzole. New South Wales, 
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MJHZJRAL GOAL 

The distinguishing characters of Mineral Owl are as follows: Oomnait 
massive, without crystalline structure or cleavage ; sometimes breaking 
with a degree of regularity, but from a jointed rather than a cleavage struc- 
ture. Sometimes laminated; often faintly and delicately banded, successive 
layers differing slightly in lustre. 

II. =0*5-2 5. (t. = 1-1*80. Lustre dull to brilliant, and either earthy, 

resinous, or submetallic. Color Mack, gravish-hlaek, brownish black, and 
occasionally iridescent ; also sometimes dark brown. Opaque. Fracture 
conchoidal — uneven. Brittle; rarely somewhat soctile. Without taste, 
except from impurities present. Insoluble or nearly so in alcohol, ether, 
naphtha, and benzole. Infusible to mbfusible; but often becoming a soft, 
pliant, or paste-like mass when heated. On distillation most kinds afford 
more or less of oily and tarry substances, which are mixtures of hydrocar- 
bons and paraffin. 

Mineral coal is made up of different kinds of hydrocarbon*, with perhaps 
in some eases free carbon. 

Var. — The variations dejiend partly ft) on the amount of the volatile ingredients afforded 
on destructive destination ; or <2i on the nature of these volatile compound**, for ingredient* 
of similur composition may differ widely m volatility, etc. ; (d; on struct me. lustre, and other 
physical characters 

1. AntiihaUTK. II 2 2 o. G. I 82-1 7, Pennsylvania; 1 HI. Rhode Island ; I 2(1 1 00, 
South Wales Lustre bright, often subinctalln*. iron black, and fre<pn-nily iridescent. Frac- 
ture conchoulal Volatile matter after drying 8 t*»(i p c Burns with a IWhlr ll.uuo of a polo 
oolor. Thf anthracites of Pennsylvania contain ordinarily Ho to ltd per o**ut of • ■•irhon , thus*! 
of South Wales, HK to l»o ; of France, SO to Hd; of Saxony, Hi , n| southern Russia, some* 
times lit per cent. Anthracite graduates into bituminous coal, been mug less hard, and con 
taming more volatile matter; and an intermediate variety is called 1 rn Jntrninj anthracite. 

BlTUMtNors Stem k o'. He pt . thrm . Under tin* head of Uihimiuous Coals, u 

number of kinds are included which differ strikingly lit the action of heat,, and which there- 
fore are of unlike constitution They have the common characteristic of burning in the lire 
with a yellow, smoky flame, and giving out on distillation hydrocarbon oils or tar, and hence 
the name hituminou*. The nrrfintty bituminous coals contain from d to Id p. c. , rarely 10 or 
17) of oxygen ash excluded i; while the ho called hrotrn n>t*tl or lojn.it n contains from 20 to 
80 p. c., after the expulsion, at 100 (J. , of Id to d0 p. o, of water. The amount of hydrogen 
in each is from 4 to 7 p. c. Both have usually a bright, pitchy, greasy lustre •whence often 
called l*<chfothli in German . a firm compact texture, are rather fragile com pared with anthra- 
cite, and have («. - 114-1 40. The hrmru coals have often it brownish black color, whence 
the name, and more oxygen, but in them* inspects and others they shade into ordinary bitu- 
minous coals. The ordinary bituminous coal of Pennsylvania has (). 1*20-1*87; of Ne w- 

castle, England, 1 27; of Scotland. 1*27-1 '82; of France, 1*2 -1*811; of Belgium, 1*27-1*8. 
The most prominent kinds are the following: 

2 Car i no C »ai. A bituminous c »al which softens and becomes pasty or si: mi -viscid in 
the fire. This softening takes place at the temjM nuure of incipient decomposition, and is 
attended with the escape of bubbles of gas. On increasing the heat, the volatile product* 
which result from the ultimate decomposition of the softened mass are driven off, and a 
coherent, gravish-black, cellular, or fritted mass itnkr. is left. Amount of coke left or part 
not volatile i varies from dO to So p. c. it yt rite is from Middlo Park, Colorado. 

8. N'oN-CvKfNO CoAb. Like the preceding in ail external characters, and often in ultimata 
oorafiosition ; but burning freely without softening or any appearance of incipient fusion. 

4. Caxxki. CoAfi (Parrot Goal). A variety of bituminous coal, and often caking; but dif- 
fering from the preceding in texture, and to some extent in composition, as shown by it* 
products on distillation. It is compact, with little or no lustre, and without any aptsiaranoe 
of a banded structure; and it breaks with a conchoidal fracture and smooth surfaces; colot 
dull black or grayish-black On distillation it uffords, after drying, 40 to 00 ol volatile mat- 
ter, and the material volatilised include* a large proportion of burning ind lubricating oil*, 

27 
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much larger than the above kinds of bituminous coal ; whence it is extensively used for the 
manufacture of such oils. It graduates into oil-producing coaly shales, the more compact of 
which it much resembles. 

5. Touiixnitk. A variety of cannel coal of a dark brown color, yellowish streak, without 
lustre, having a sulxsoncboidol fracture; H. — 2 25; G. — 11 7-1 *2. Yields over 00 p. c. of 
volatile matter, and is used for the production of burning and lubricating oils, paraffin, illu- 
minating gas. From Torbam; Hill, near Bathgate in Linlithgowshire, Scotland. Also called 
JJogheod (J fin nr l, 

ft. Rrown Coal (Braunkohle (term., IVchkohle pt. Germ.. Lignite. The prominent 
characteristics of brown coal have already liecn mentioned. They are non -caking, but afford 
a large proportion of volatile matter They are sometimes pitch-black (whence I’echkohle 
pt. Germ ), but often rather dull and brownish -black. G 1 ‘ 15-1 :> ; sometimes higher from 
impurities. It is occasionally somewhat lamellar in structure. Brown coal is often called 
lignite. But this term is sometimes restricted to masses of coal which still retain the form of 
the original wood. Jit, is a black variety of brown coat, compact in texture, and taking a 
good polish, whence its use in jewelry. 

7. Eaiitiiv Buown Coal (Erdige llrmmfothh ) is a brown friable material, sometimes form- 
ing layers in beds of brown coal. But it is in general not a true coal, a considerable part of 
it being soluble in ether and benzole, and often even in alcohol; besides affording largely of 
oils and paraffin on distillation. 

Comp. Most, mineral coal consists mainly, as the best chemists now hold, of oxygenated 
hydrocarbon* Besides oxygenated hydrocarbons, there may also be present hydrucur - 

bon* (that is. containing no oxygen). 

Sulphur is present iu nearly all coals. It is supposed to be usually combined with iron, 
and when the ooul affords a red a*h on burning, there is reason for believing this true. But 
Percy mentions a coal from New Zealand (anal lHi which gave a peculiarly white ash, 
although containing 2 to II p. o. of sulphur, a fact showing that it is present not as a sulphide 
of iron, but as a constituent of nn organic compound. The discovery by Church of a resin 
containing sulphur isee Tahmamtk, p. 415), gives reason for inferring that it may exist in 
this coal in that state, although its prest nee as a constituent of other organic compounds is 
quite possible. 

The chemical relations of the differeut kinds of coals will be understood from the follow- 
ing analyses : 




Carbon 

Hydrogen. Oxvgcn. Nitrogen. 

Sulphur. 

Ash. 

1. 

Anthracite, S. Wales 

02*50 

‘ 2 2i 2 52 

— 

1 *58 

8. 

Coking Coal, Northumberland 

7S-00 

0 00 1007 2 27 

1 *51 

llffi 

8. 

Non-Caking (hud, Zwickau 

80 25 

4 01 10 08 0*40 

2 00 

1 57 

4 . 

Carmel Coal, Wigan 

80*07 

5 52 8 10 2 12 

1 50 

2*70 

5. 

Torbouito, Torbnne Hill 

04-02 

8 00 500 0 55 

0 50 

20 22 

0. 

Brown Coal, Meissen, Sax. 

58 00 

5*20 21*03 

0 01 

7 50 


Coal occurs in beds, iuterstratified with shales, sandstones, and conglomerates, and some- 
times limestones, forming distinct luyers, which vary from a fraction of an inch to 20 feet or 
more in thickness. In the United States, the anthracites occur east of the Alleghany range, 
In rocks that have undergone great contortions and fracturings, while the bituminous are 
fouud farther west, in rocks that have been less disturbed ; and t.li.s fact and other observa- 
tions have lod some geologists to the view that the anthracites have lost their bitumen by the 
action of heat. The origin of coal is mainly vegetable, though animal life has contributed 
somewhat to the result. The beds were once bed* of vegetation, analogous, in most respects, 
in mode of formation to the peat beds of modern times, yet in mode of burial often of a very 
differeut churac er. This vegetable origin is proved not only by the occurrence of the leaves, 
stems, and logs of plants in the coal, but also by the presence throughout its texture, in 
many cases, of the forms of the original tihres; also by the diiect observation that pent is 
% transition state between unaltered vegetable debris aud brown coal, being sometimes found 
passing completely into true brown coal. Vent differs from true coal in want of homo- 
geneity, it visibly containing vegetable fibres only partially altered; and wherever changed 
to a fine-textured homogeneous material, even though hardly consolidated, it may be true 
brown coal. 

Extensive beds of mineral ooal occur in Great Britain, covering 11.850 square miles; in 
Franco about 1.710 sq. m. ; in Spain about 2,408 sq m. ; in Belgium 318 sq. tn ; in Nether- 
lands, Prussia, Bavaria, Austria, northern Italy. Silesia, Spain, Uussia on the south near the 
▲aof, and also in the Altai. It is found iu Asia, abundantly iu Chiua, etc., etc. 

In the United States there are four separate coal areas. One of these areas, the Appala- 
chian ooal field, commences on the north, in Pennsylvania and southeastern Ohio, and sweep 
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fa g nonth over western Virginia and eastern Kentucky and Tennessee to the west of the 
Appalachians, or partly involved in their rid geR, it continues to Alabama, near Tuncalooiia, 
where a bed of coal has been opened. It has been estimated to cover t>0, 000 sq. m. A sec* 
ond coal area (the Illinois! lies adjoining the Mississippi, and covers tin* larger part of Illinois, 
though much broken into patches, and a smull northwVst part of Kentucky. A third eovers 
the central portion of Michigan, not fur from ft, 000 »q. in. in area Resides these, then' iu a 
smaller coal region a fourth* in Rhode Island. The total area of workable coal measures in 
the United States is about PJo.000 sq m. Out of the borders of the United Slates, on the 
northeast, commences a fifth coal urea, that of Nova Scotia and New Riunswick, which 
covers, in connection with that of Newfoundland. sq. m. 

The mines of western Pennsylvania, those of the States west, and those of Cumberland or 
Prostburg, Maryland, Richmond or Chesterfield. Va. . ami other mines south, ure bitumimm*. 
Those of eastern Pennsylvania constitutin'.; several dot netted areas one, the S'JtuyUiH coal 
field — another, the Wyoming coal field those of Rhode Island and Massachusetts, and tome 
patches iu Virginia, are onthrurittH (’am el coal is found near (*reensburg. Reaver Co , l*a., 
in Kenawha Co , Va.. at Peyton* etc. ; also m Kentucky, Ohio, Illinois, Missouri, ami Indiana; 
but part of the so called caunel is a coaly slmle 

Brow’ll coal comes fiom coal beds m >ie iro»nt than those of the Cat hunt ferous ago. Hut 
much of this more recent coal is not distinguishable trom other bituminous coals. The coal 
of Richmond, Virginia, is supposed to be ot the Kiummic or Tnnusio era; the coal of Brora, in 
Sutherland, and ol (iristhnrpe. Yorkshire. i> Oolitic mage. Cretaceous coal occurs on Vau- 
oouver Island, and Cretaceous and Tertiary < mil in many places over the Rocky Mountains, 
where a “ Liguitic formation” is very widely distributed. 



PART III.— DESCRIPTIVE MINERALOGY. 

SUPPLEMENTARY CHAPTER.* 

Abriachanitk, Ileddle.-— A soft blue ( lay-like substance, filling seams and cavities in 
granite. Probably near croc idol ite (p. -98) in composition. From the Abriachan district 
near Loch Ness, Scotland. 

Adamite p. 8711. “Occurs in colorless to deep green crystals, and in mammillary groups, 
at thi‘- ancient mines, recently reojxmed, at Laurium, Greece. 

Aulaitk.— -Same as cymatolite ; tliut is, an alteration product of spodumene, consisting of 
an intimate mixture of albite and muscovite. From Goshen, Mass. 

Ai.askaite, KVinig. —Massive, (i. - 6*878. Lustre* metallic. Color whitish lead-gray. 
Comitositmn probably (Ag.Ciij, Pb S + Bi.S,. Analysis after deducting impurities, S 
17*63. Hi 56*9 7, Sb (i(l2. Pb 11 7 U, Ag H* 71. Cu 3*46/Zn «-7f# = 100. From the Alaska 
mine, Houglikeepsic Gulch, Colorado. SiLiiERWisMirTHULANZ of Itammelsberg, from Moro- 
eoelia, Peru, is pure Ag a S 4 Bi.S.,. 


Aunrr;. p. .‘Wit. — 1 1 ns been made artificially, identical inform and composition with natu- 
ral crystals, by Ilautefeuillc. 

Amhi.vuonitk, p. 800. — IVnficld has analyzed specimens from IVnig, Montebras. Hebron 
and Aulmru, Me, Branchvillc, Cl. (including •* hebronite" and “ montebnMb* " . lie 
shows that, while the varieties vnrv from F 11 *26, H O l *75 in one sample to F 1 75. 11 0 6*61 , 
in another, they ail conform to the general formula: A1 I\(L -p 2lM'\OII i, differing only 
in the extent to which the hvdrowl replaces the fluorine 


Amimiiihh.k, p, 296. A variety containing only 0*11 p.c. MgO, has been called hrrffitiHai- 
kite by Lucchetti Occurs in a hornblende porphyry. Monte AJtiim. Bergamo, Italy. 

IVifltfctiHitt (Bertels) is u ehlontie alteration product from a rook called iscnite. Nassau, 
Germany. 

Anauute, p. 848. — On the crystalline system, sec p. I St). 

i*tcr<wairitt\ of Bcchi. is identieul wiili ordinary analeite, containing only a trace of 
magnesia, according to Bamberger. 

Ammikite, Wurtz. — An impure massive r..ineml supposed to W a silver antimonide 
(Sb 1 1 18, Ag 77*58). Silver Islet, Luke SujH’rior. 

r 

Anxeroimte. Brogger. — A rare eolumlxitc. almost identical with sanmrskite in composi- 
tion, but in form very near eolumbito. From a [x'ginatito vein at Anuerod, near Moss, 
Norwav . 

Apatitk, p. 364.— Large debits of apatite, affonling sometimes gigantic crystals, and 
sometimes mined for commercial purjHises. txvur in Ottawa County, yuc*HH, Canada : also 
large crystals, with zim»n, titanite and amphitxdc in Henfrew County. Ontario, and else- 
where ; there are similar de|x>sit-s at Kjorrestad, Bamle. Norway. A variety from San 
lbHjue Argentine Uepuldie, containing 6*7 p.e. MnO. has tn‘en culled mangtuwpotit* by 
Siewcrt Penfield found 10 6 pc. MnO in a bluish green specimen from Branchville. Ct, 

Pseudo-hexagonal, Mallard. set* p. 187 . 


* For fatter description* of new specie*. reference* to origin®) {taper*, etc., *ec Appendix III. «18K2>, System 
of Mineralogy. 
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Apophtlute, p. $40. — Pseudo-tet ragonal (monoclinic), according to Mallard ami Rumpf, 
but the correctness of their conclusions is doubtful ; see p. 185 et at*). 

Araoo.ntte, n. 405.— A variety from the Austin mine. Wythe Co.. Va.. afforded 7*29 p.c. 
PbCO, 

Aritolite, Blomstrond.— A doubtful silicate, comjHHdtion near prehnite, prismatic angle 
near hornblende, llvitholm. near Spiufiiergvu. 

Ark^i'iimtk. Raimondi.— A honey vcllosv romp tel substance, supposed to be a silico-anti- 
monute of lead, but prolwbly a mixture. Victoria mine. Frothier of Amptijm, Peru. 

AurvKDsoMTt:. p. 208. — Occurs with zircon and nstrophyllito in K1 Paso Co., Colorado. 

Arkiikmtk. Nonlenskiold —A silicodautnhite of \tlrium, erbium, etc., resembling feld- 
spar in up]H k uran<v. Probably an uncertain decomjiosilion product. Ytterlo, Sweden. 

AR^:.\AKOKNTm:, llamuiy. — An uncertain silver arsenide of doubtful sou ire. 

Asmimtk. p. 288 — According to Wrisbneh and >. Lasaulx, identical with tridymite ; 
observed in the meteoric iron of Kittersgrfin, Suxonv. 

AsTRoiMivu.iTr, p. $1$. — Referred to the triclinic system by Brbggor ; pr«}**rly a mem- 
ber of the pyroxene group, not one of the true minis 

Oceurs with arfxedsonite ami zircon m K1 Paso Co, Colorado. 

Atf.mm: (or atelite , Seneehi — An alteration product of tenorite at Vesuvius ; near atu- 
camite in eoiii[K>Mtion. 

Atopitf, Xordeiiskiold. — In isometric octahedrons. II 5*5-0, 0. — 5 Oil. Color yellow 
to brown. < ’ompoMt ion essentially Cu^Sb^O; incur roiueitej. Imbedded in hcdyphuuo at 
Ldiighun, Sweden. 

Atti'niti:, j». — Momxlinic <or triclinio, according to Brczinu. 

BAi.viMimTi. Ileddle A doubtful substance having a .snrrhurnidal structure, and pain 
purplish brown color (». 2*9 An titialvsis gave. SiO, 4fi 04, AML 20*11, F« s ()j 2*52, 
MnOO-70, MgOH OO. CaO 13*47. Na.<> 2 72, K.O 1*30, 11,0 4*71 lo0 02. In limestone 
at Halvruid, liiverncss-slure, Scotland. 

Barcknitf, Mallet.— An uncertain alteration product of livingstouitc, massive, earthy, 
color dark gray. (». - 5*343. Huitzueo, Guerrero, Mexico. 

Baryutk, Blornstnmd. • In groups of prismatic crystals. Two distinct cleavages (84°). 
H. — 7 G. 4 03 White. BB. infusible A silicate of aluminum and barium (40 
p.c. BuOi. In hm«*stonc at Langban, Sweden. 

Bkfof.ritk, Kbnig — In elongated isometric crystals. Cleavage cubic. G. — 7*278. 
Color gray. Lustre metallic Composition, fiPbls * Bi^S, = 814*78, Bi 2130, Pb 03*84 
= 100. Prorn the Buitic Ixxlc, Park Co , Colorado. 

Bkryl, p. 29ft. — Pseudo-hexagonal, accordingto Mallard, sec p. 180. 

A vurietv in short prismatic to tabular crystals has been called roateritt by Grattarola. 
Locality. kll»a. 

Found ( W. E. Hiddem in fine crystals of large size (to 10 inches in length), and emerald 
color, in Alexander Co., N. C., also in highly modified crystals of pale green color. 

Berzeujtf.. — T his arsenate from Llngban, Sweden, is isometric according to Sjftgren ; 
honey to sulphur yellow, lustre resinous Lindgren regards the ortho-arsenate of (alcium 
and magnesium, an isotrope, of the same locality, as distinct, and says that earlier descrip- 
tions of berzeliite belong to it. 
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Bhreckite (or Vreckite), Heddle.— A doubtful soft apple-green substance, coating quartz 
crystals. A hydrous silicate of alumina, iron, magnesia and lime. From the bill Ben 
Bureck, Sutherland, Scotland. 

BiSMUTOSPHiERiTE, Weisbach. — In spherical forms, with concentric, fine fibrous radiated 
structure. Itegarded as an anhydrous bismuth carbonate. From Neusttldtel, Schneeberg, 
Saxony. 

Blomstrandite, Lindstrflm. — A columbo-titanate of uranium, allied to samarskite. 
From Nohl, Sweden. 

Bouvitk, Domeyko. — An alteration product of bismuthinite, probably a mechanical 
mixture of BLO a and Bi a S a . Mines of Tazna, Province of Choroloque, Bolivia. 

Boracite, p. 881.— On the crystalline system, see p. 180. 

Bowijnoite, ITannay. — A soft, soapy, green substance, containing silica, alumina, iron, 
magnesia, lime, water ; doubtless heterogeneous. Bowling on the Clyde, Scotland. 

Brava isite, Mallard. — In fine crystalline fibres, of a grayish color, forming layers in the 
coal schists at Noyant,, Allier I)ep’t, France. (1. = 2*6. Analysis, SiO a 51*4, Al a 0 3 18*9, 
FcaOa 4 0, CaO 2-0, MgO 3*3, K*0 0*5, 11,0 13 3 = 99-4. 

Brookttk, p 277. — In Mallard’s view, brook itc, nitile and oetahed rite are all monoclinic, 
having the sutiie primitive form, but differing in the way in which the individuals are 
grou|K*d, see p. 180. 

Brivitk. p. 281. — Manqnnhrucitv (Igclstrflm) is a manga nesian variety of bnirite (1416 
MnO) from the manganese mines of the Jnkohslierg. Wcrmland, Sweden! In fine granular 
form with Imnsniamiite in calcite 

Ei*vnhnn'Ut\ Sandl>ergor. - -A doubtful substance resulting from the alteration of bru 
cite. SieU»riehn near Fralicrg. 

Caurkuite. — O ccurs in crystals (isomorpbous with ervthrite) at the zinc mines of Lau- 
rium, Greece An analysis by Dnmour corresponds to Ni 3 As a <L -|-8 aq. 

Calamine, p. 829.— According to Groth, the formula should Ik* written II,Zn,SiO b . 

Calaverite, p 249. — Occurs at the Keystone and Mountain Lion mines. Colorado. Com- 
position iGcnth) : (Au,Ag»Te„, with Au : Ag = 7 : 1. II. = 2*5. U. = 9*043. 

Cancrinite, p 817. — An original species (Bauff, Kochi, and not an alteration product of 
ncplielite, the carlx>n dioxide ln*ing cssent ial and not due to calcite. 

Oaryinite. LundstrSm. — Massive, monoclinic ; two cleavages (180 ). II. =■ 3-3*5. G. 
— 4*25. (’olor. brown Composition, R 3 AsjOp, with R = Fb.Mn.Ca.Mg. Occurs with 
calcite and hausmannite at l<Anghan, Sweden. 

Chabazite, p. 344. — Triclinic, according to Beeke. the crystals being complex twins of 
several individuals. 

Chalcomenite. Des Cloizeaux and Damour. — Monoclinic. I a / - 108' 20’. O i-i — 
89° 9 . G. - 8*76, Color, bright blue. Oomi>osition, CuSeOj + 2 aq, or a copper sele- 
nite. From the Cerro de Cachcuta, Mendoza, Argentine Republic. 

Chalcopyrite, p. 344. —Found well crystallized, often coated with crystals of tetrahe- 
drite in parallel position, near Central City, Gilpin Co , Colorado. 

Cbildrenitr, p. 877. — Formula, as shown by Penfleld. RtAWPfOj# •»* 4H*0. or AhP«0* + 
2RH fl O + 2aq. with R - Fe principally, also* Mn. This requires: P,0» 80*80, AlO a 22*81 
FeO 26*87, MnO 4*87, H,0 15*65. 
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A mineral closely related to chitdrenite has been called eotphortie by Brush 
Dana. Orthorhombic. In prismatic crvstals (see fig.), near ehil- 
dre nite. I\I~ 104 J 19 ; p a ;>( 1 \1>‘ ■- 133 512 (front), rr 118* 

58’ (side). Here /, and a (i-i ) — 2-i and O of childrenite. Also mass- 
ive, cleavable to compact. Cleavage parallel a [i-t) nearly perfect. 

H. = 5. G. =811-3145. Lustre vitreous to sub-resinous, also 
greasy. Color rose pink, yellowish, colorless, when compact various 
shades of white. Streak white. Transparent to translucent. 

General formula like childrenite (see uU>vc), but with much man- 
ganese and little iron 1 10 :;*.). Percentage composition: l\0* 

80*93, Al,0 3 2r35. MnO 23-80. IY0724. 11*0 15*08 UK>. 11. B in 
the forcejw (‘racks opens, sprouts and whitens, colors the tlame pule 
green and fuses at 4 to a black magnetic mass. Beads for tnangn- 
nose ami iron : is soluble in acids. Occurs with other mangttuesmu 
phosphates in a vein of |M*gtnatitc at Brunchvillc, Conn. 





Culoralliminitk, .Search i. — Hydrous nluminum chloride from Vesuvius. 


Cnu>ROMA<JNKsiTE, Scacchi — Hydrous magnesium chloride front Vesuvius. (UathofiU 
/Ochsemus and Pfeiffer) from L<H>|M»ldshull, Prussia, has the cnmjKwittou MgClj ♦ 0 an. 
Crystalline. nmssiw. foliated or fibrous Color white. Forms thin layers in halite, witn 
kicscrito und camallile. Readily assumes water on ex | insure. 


Ciii/utoTiiioNiTK, Scacchi - Regards! as n eomj>ound salt, K a SO* } CuCl*, forming thin 
mammillary crusts of a blue color. Vesuvius. 

CiioNimoiuTE. llrwm:. CuNoiirMnr., p. 327. — II. Sjogren has descrilied lnunite, well 
crystallized, from the Lndu mine, Wcrmland, Sweden, und chnndrnditc from Kaveltorp. 


Chromite, p 274 — Not opaque, but in thin sections transmits a yellowish red color, 
Thoulet. Identified in meteoric irons by ,1. Lawrence Smith. 

CiiRYsoeoLLA, p. 33H. — Pihiritr, from Chih, is an alutninous variety, 10*9 j*.c. Al*O s . 


Ciiuvsomte, p. 300. — Xrocfirt/fioftf (Scacchi) is n rnnngnncsian variety from Vesuvius. 
A variety from Zermatt, containing 3 p.c. TiO*, has 1 h*cm culled tUanolivine. 

Ci.»:vf.itk. Nordenskibld.— A mincml closdv related to uraninitc, but Insides uranium 
(and lead) contains yttrium, erbium, cerium, etc, In isometric crystals II. 5 5. (1. 
=s 7*49. Color iron black A dccnm|M»sition product of a yellow color is culled i/Ctro- 
gummite analogous to ordinary gummitc). Occurs in feldspar at Garta, near Arcndal, 
Norway. 


CuNoctuxTTF., Sandbergcr, Singer. — An inqierfcctly deserilxd sulphate of iron, etc., 
occurring in saffron -yellow micp*s<opie crystals, derived from the decomposition of pyrito 
at the BamrsUrg. near Iiisehofsheim vor der Uh*»n. ( 'tinoptuntv, from the same source, 
occurs in blackish green microscopic crystals; formula 5lt v 80 4 -4 [K*JH<i 0 4 -4 5 aq, with 
[IU] ^ Fej.AL, and R, - Fe,K 3 ,Xa*. 

Cuntomtk, p. 358.— On the relations of the “clintonite group” of minerals, see Tsclier- 
roak and Sipocz, Z Kryst , iii., 496. 

Cot/)raik>ite. Ocnth. — Massive, granular. H. — 3. O. — 8 627. Lustre metallic. Color 
iron black. Composition HgTc -- tellurium 39, mercury 61 ~ 100. Occurs with native 
tellurium, sylvanite, gold, at the Keystone, Mountain Lion, and SmugglermincsinColorado. 

Columhitk, p. 360 — Occurs sparing!) in smAll translucent crystals at Branchvillc, Conn., 
having the compos. tion MnCb,0« MnTa/h, ; containing 15*58 pc. MnO, and 0*43 FcO. 
Also the ordinary variety in groups of very large, though rough, crystals weighing some- 
times 50 pounds,’ at the same locality. Found with amazonstone at Pike’s Peak, Colorado, 
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and in Yancey Co., X. C. Also with monazite, orthite, etc., in Amelia County, Virginia, 
allied in composition to the above manganesiau variety from Branchville. 

CoxoNOiriTK, Raimondi. — An earthy, pulverulent substance of a gray to black color. 
Containing antimony jxntoxide, lead, and silver oxides, water, but of doubtful homogeneity. 
District of < 'orongo and elsewhere in Peru. 

CoRUNoopniMTE, p. 358. — Amesitfi of Shepard, from Chester, Mass , is very near corun- 
dophititc. 

ConrivnrM, p. 207.— Monnclinie according to Tschermak (orthorhombic, Mallard) ; often 
optically biaxial. Sec i». 18>etse<j 

Made artificially, with the colors of rubies and sapphires, by Freiny and Fcil. 

Cos a r.iTE, p. 25 Z. —lijrlkitc of 11. Sjogren is identical with cosalitc. From the Bjelke 
mine, Nordmark, Sweden. 

Cohkyrytk, Foerstncr. — Near am phi bole in form, but triclinic, and with T a /' = 
114 5. Cleavage prismatic, <1. = 3*75. Color black. An analysis gave: Si0 3 43*55, 
AM>, 4’M, Fc.() a 7 07, FcO, 32 87, MnO 1*08 CuO 0*30, Mg()0*8(], CaO 2 01, Xa,0 5*29, 
K/() 0*33 — 103*21. In minute crystals wealheml out of the ground mass of the liparite 
lavas of the Island Pantcllaria (ancient name Cossvra), 

Cramtonitk, Ileddle. — Doubtful mineral, contains Al a O a , Fc.jO a , MgO, etc. Dendrites 
in granite at Craigton, Aberdeenshire, Scotland. 

Crocoite, p. 385 — Descrilted by B. Silliman as occurring at the Phenix and other mines 
in Vavapai Co. f Arizona. 

Cryolite, p. 201. — Observations of Krcnncr make cryolite inonoclinic instead of triclinic. 

Cryolite and some related fluorides have l>oen found (Cross und Jlillcbrand) in the Pike’s 
Peak region, K1 Paso t o., Colorado. 

CrpRocAiATTK. p 411. — Mechanical mixture of CaCO* and Cu a O, Daninur. 

(Yspiiune, Soaechi.— In *{>cnr-shaped monoclinic crystals ; color j>ale rose ml. A calcium 
silicate containing fluorine. Vesuvius. 

Cyanitk, p. 332.— Recently found in well terminated crystals, Bauer, vom Rath. 

Cyprcsitk, Reinsch — A supposed anhydrous iron sulphate, occurring^ in the western 
part of the island of Cyprus. Soft. Color yellow. Analysis: SO, 21*5, Fe 3 0 3 (AljO» tr.) 
51*5, insol. silica (shells of Radiolaria) 25, ll a O (hygrose.) 2 = 100. 

Danautk, p. 302. —Occurs at tho iron mine of Baitlett, X. II. (Wadsworth). 

Daxburite, n. 311. Occurs (G. J. Brush and E. S. Dana) well crystallized and abundant 
at Russell, X. Y. Orthorhombic, homaeomorphous with topaz and like it in habit. / \1 
— 122*52 (topuz — 124° 17 ), w j\tv = 54 58 (topaz = 55 20 ), d ,\d = 97" 7 (topaz = 96 ; C). 
Common forms as in figures, w = 4-1, d = 1-i, f=i-2, n = i- 4, r= 2-2. Color pale wine 
or honey yellow, colorless. Transparent Composition C&B 3 Si 3 O t , as of Danbury mineral 




Also from the Skopi, Switzerland, in transparent crystals. 
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Davreuxite, de Koninck.— In aggregates of minute aciculnr crystals, Color white, 
with tinge of red. Calculated composition : SiO* 40 89, Al.O* 4019. *MnOtl*93. MgO 1 :K), 
H*0 4*69 = 100. Occurs in quartz veins in the Ardennes w hists at Ottre, Belgium. 

Dawsonttk, p. 410. — Occurs (Diaper) in the province of Siena, l’inn < 'astatrnaio, Tti^eanv 
Analysis gave Frigid: (•) CO a 29*09. Al.O, 35 89, Na,0 19 10, U a O 12*00. MgO 109, 
CaO 0*42. 


Dei.essite. p. 356. — More or loss related to the rhloritic delegate art* SuhdrlettMf* from 
the Thuringor Wahl ; lluHiie , ('anmioney Hill, near Belt. ml. Ireland. 

Descloizite, p. 367.- Occurs in the Sierra de ('on lot in, Argentine Kepuhlie ; |>crhii) s also 
in Arizona. Coin jM^it ion of South American mineral (Kummclshe rgt K V O. * UII.Oj, 
with R Pb (.%<» p.< . . Zn i 17 n.c.) 

Br<icki'btrnchitf' from Cordoba, Argentine Kepuhlie. cwcurs in small striated crystals. 
Color black. I otiijN^itiou |M*rhap« K.V-dh ^ ll -O, with K 1M» : Fc : Mn 4:1:1. 

Destinezite, Fori V and JoHmapu . — An iron phosphate from Argenteau, Belgium; (M*eurs 
in yellowish white earthy masses. 

Diamond, p. 22s. — Has lK*en made artificially, in the form of a line sand, hv .1. B. lluntiay. 

Dickinsonitk, (i. .1. Brush and K. S. Dana. — Monoelinic, pseudo. rhoml>ohed rid, fi - Or’ 
30. r,\n 1 18 :»0 , r ft : 118 52 . r \m 97 58 ; r 0,n 1 ,s 2, x 3-/. Com- 
monly foliated to micaceous. Cleavage luisnl jierfeet. ll 3*5-4. 0. 3*338-3*343, 

I.ustre vitreous, on r pearly. Color various shades of green. Conijiusition 411,1’ .Ch i 3««j, 
with ll Mn.Fe.' a,Xa 7f re4|uiring : 1* o ; . 40*o5, FeO 12*09, MnO 25*01, CaO lt*H5, 
Na-iO 0*50, 11,0 3*81 10). Occurs with eosphoritc, tnploiditc, etc, in pegmatite at 

Branch vil!e, Conn. 

Dietuk’HITE, v. SchrAekinger. —A zine-iron-iimnguiiese alum, relabel to meudnzite, etc. 
Aricent formation at Felsobnnya, Tniiisylwiimi. 

Dohim.ekitk. p 415. — A blin k gelatinous In droearlmn from a .stratum of muck Isdow a 
peat bed at Scranton, Penn., is culled by II. C. Lewis phytocvFttr ; empirical formula 
t I oil h «• 

Dorui.ASiTE, Ochsenius, Procht. — From Douglasshall, fonnula, 2K Cl, FeC] ,,211*0. 

Dumortii.ritk, Damour, Bertrand.— In minute prismatic crystals of a cobalt blue color, 
indiedded in gneiss. Analysis (Damour) : SiO ; 29*85, Al.O, 00 02, Fe.O, 1*01, MgO 0*45, 
ign 2 25 99*58; near nndalusitc, From the gneiss at ChujMHiost, n«*ur Lyons, France. 

Dupokthite. Collins. — An a^is stifonn mineral filling fissures in seriientine. Color green- 
ish to brownish gray Contains silica, alumina, iron, magnesia, and water. Dujiortn, St. 
Austell. Cornwall. 

Durfeldtite, Raimondi, — Massive, indistinctly fibrous. Color light gray. Metallic. 
Composition 3KS *- Sb v S 3 (if tin- results of an analysis after deducting 31 p.c. gangue can 
be trusted <, with K ~ Pb,Ag a ,Mn, also Fe.Cu*. From the Iriainuc hay mine, Atiquimurca, 
Peru. 

Dvsanalvte, Knop. — The perofskite of the Kuiserstuhl is, according to Knop, a new 
columlio-titanateoi calcium and iron (with also Ce f Na). 

Egoosite, Schrauf. — In minute, gravish-brown crystals ftrielinio near barite in habit. 
Supposed to be a cadmium silicate, Occurs with calamine and smithsonite at Altenberg. 

Ekpemite, NordenskiOld. — Massive, coarsely granular, also intrusting. Cleavage basal. 
H. =2*5-3. G. = 7*14. Color bright vellow to green Composition Pb 0 A»A>« -r 2PbC|, 
= As,0, 10*59, PbO 59*67, Cl 7*58, Pb 42*16 = 100. Pound at LAngban, Sweden. 
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Eusoxomte, Ni(>s. — Monoelinie ; often in druses and in radiated crusts. Cleavage ortho- 
dia gonal II. =■ >5-4. Lustre vitreous. Color red brown to dark hyacinth red. Streak 
yellow. Composition (Streng) 2Fe,P,0 N 4 Fe,U«0,+5 aq. From the Lleonore mine on the 
Dilnsberg, near Giessen, and the Hothliiufchen mine near Waldgirmes. Perhaps identical 
with the iron phospliate beraunite from Benigna, Bohemia. 

Klixikitk. Ileddle — Impure silicate of magnesia, containing SiOj. In gneiss near Ellon, 
Aberdeenshire, Scotland. 

Elrovoitk, Shepard. — A heterogeneous substance containing silica, alumina, iron oxide, 
water and (as an impurity) p.c. IV > 6 . Island of Elroque, Caribbean Sea. 

Knvsite, Collins. — Ablush-green stnlagmitie substance consisting of aluminum hydrate, 
basic copjier sulpliatc, calcite, etc. St. Agnes, Cornwall. 

ErisTiLiiiTF., p. 847. — Monoclinic, Dos Cloizeaux. PuraxtilbUe and reissife are probably 
identical. 

Kphomitk, p. 894. — Jteirhiirdfitr (Krause) is a massive variety from Stassfurt and Leo- 
jKildshuli. 

Kkilitk, Lewis. — Acicular, wool-like < rv stuls of unknown nature occurring in a cavity 
in the quartz from Herkimer Co., N. V. 

Eiuociialctti-:, Scacchi. — Copjs*r cliloride from Vesuvius. 

Krvthrozincitk, Damour. — In thin crystalline plutes. Color red. Perhaps (I)es Cloi- 
zoaux) a tnanganesiau variety of wurtzite. 


Kcclask. p. 828. — Found in good crystals in the Tyrol, from the llohe Tuuern, j»erhaps 
at Kauris. 

EircRAsrrE, Paijkull. — A mineml from Brevig, Norway, near thorite. 


m 



Eucryptite. G. .1. Bmsh and E. S. Dana.— Hexag- 
onal. In regularly arranged crystals iml>eddcd in 
albite (like graphic granite, see fig.) Ix>th of which have 
resulted from t lie alteration of sjKKhuncne. G. — 2*687. 
Comt>osition LijAlSLO* — SiO.. 47*51, ALO* 4061, 
Li u O 1 1 *88 — 100. Branchville, Conn. 

Eri.YTTTE, p. 802. — Pseudo rhombohedral according 
to Bertrand. 

KrsYNCiUTEis(UnmmelslK»rg) 4Pb,V/L 8Zn a V 2 0 8 . 
Ariioxene is 2(Ph.Zn) a V..>0.. 4- t Pb.ZtiL As, (>„. 

Tntorhorite (Frcnzel) is related, composition RjV,0* t 
with K -=■ Pb <54 p.c.), Cu (7 p.c.*, Zn (11 p.c*.). Lo- 
cality uncertain. 


FAiRFiKt.ptTE, G. J. Brush and E. S. Dana. — Triclinic. Foliated or lamellar, crystalline; 
also in radiating masses, curved foliated or fibrous. Cleavage brachydiagonaf perfect. 
Lustre pearl v to subadanmntine. Color white to pole straw yellow, Transparent, Com- 
position K«,J\0- 4 *>a(|. with K — Ca : (Mn Fe) =2:1. This requires : P Oi 89*30. FeO 
6*84. MnO 18*10, CaO 30*99, H ,0 9*97 = 100. Occurs with other manganesian phosphates 
at Branehville, Conn. 

Leucomanganit t (Sandberger) from Kabenstein, Bavaria, may be identical ; not yet 
described. 


Feldspar Group.— Schuster has shown that in the series of triclinic feldspars there Is 
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in optica] relations the same gradual transition from t ho one extreme (albite) to the other 
(anorthite) as exists in com piait ion Thus, he timis that the directions of light extinct ion. 
as observed on the basal amt clmodiagomd sections, the position of the axes of elasticity, 
the dispersion of the axes, and the axial angle all thow* this gradual change in the same 
direction. These results confirm the aeeepVd Mew of Tselnnimk that the interna diatc 
triclinic feldsfmrs are to 1 a* regarded ns isomnrphous mixtures of nlbite and anorthite in 
varying projx>rt ions : moreover, thev explain the apjwrent difficulties raised hv the obser- 
vationsot lies Cioizeaux (p. in. the angles given on p. 820 are then true only in *|>ecial 
eases, since in tin* varieties vaning in c«»ni| tuition these mines will also vary. The vulues 
for angles (given by Schuster) made by the extinction-directions with O and t-i art* a* 
follows : 


Albite 

t 4 

With 0 

to -t 

8 

With » I 

4 18" 

Varieties lietween Albite / 
and Oligoelase ( 

4 2 

tO -4 
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12 
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+■ 2 

to 1 

V 

I 8' te> 4 2° 

Andesite 

- 1 

to 

2 1 
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Lahradorite 

-4 

to 

ft" 

- ir 

Varieties UMwcen laihra- # 

- 16 

to - 

IN 

- 2tr 

dorite and Anorthite. . . . \ 

Anorthite* 

- 88 
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FERorsoNiTF., p. 802.— New lwalities: Kock|>ort. Mass. (.1. I.. Smith) ; Burke* Co., N. C. 
(Hidden) ; Mitchell Co., N. C. (Shepard). 

FEiiRoTKLM’KtTK. <»e*nth. In delicate* radiating crvslulline tufts of a yellow color. Per- 
haps an iron tellurate. Keystone mine. Magnolia District, Colorado. 

Filixiwite, 0. J Brush and K. S Dana.- Monoclinie* ; pseudo-rhomlK»he<«rtil. (lener* 
ally in granular crystalline masses Ii 4 5. (1 8*48 Lustre siihresimms to greasy. 

Color wax yellow, yellowish to reddish brown. Coiii|hihiIioh It|f .,|* y (L 4 a«j, w*ith H Mil, 
Fe. (’a, Naj : requiring : IVh 48*10. FeO 0*M0, Midi 40 HI, CaO 5*28. Na,0 ft 84, H y <> 1 70 
= 100. Occurs with other niangam*sian phosphates in )M*gmatit<* at Hriinchville, Conn. 

Fu'ohite, p. 268. — Pseudo-isometric, according to Mallard ; se»e p. 180. 

Forest rj, p. 847. — Proliubly identical with stilbite 

Fran kla mute, Reynolds. — Near ulexite. Massive. White. 0. 1*05. Composition 

Na^CauILdLi. lftH ; 0. Tanipacu, Peru. 

Freyautk, Ksmark, Datmnir. — A silieate of cerium, thorium, etc. O. 4(HM*17. 
Color brown. From Brevig, Norway. 

Gadolixite, p. 800. — Contains the new earth ytterbium CMarignac), also scandium (Cleve). 

Galenobtsmutite, II. Sjrigren. Massive, corripm *. If. 8 4. O. r 0*88. Lustre rno- 
tallic. Color tin white Streak grayish black. Composition PbBi.-S, or PbS » Bi y S a , 
requiring. S 10 0ft, Bi ftft’02, Pb 27*48 100. Occurs with bismutitc at the? Kogrufva, 

Nordmurl:, .Sweden. 

Gaxomalitk, Xordcnskiftld. — Massive*. II. = 4. O, — 4*98. Lustre* greasy. ColorloM 
to white or whifidi grav. Transparent. ComjKwition (Pb.Mn,KiO a ; nnulvsis (Lind- 
strftm : SiO» 84 5ft, P»»0* 84*80. MnO 2001, < aO 4*80, MgO 8*08, aik., ign. 1 88 : 09 58. 
Occu**- with tephroib*. native? had, etc , at Langban, Sweeten. 

Garnet, j». 802. — Psemlo-i«ome4rio. according to Mallard and Bertram!, see n, 186. 
Nearly cojorle*#s garnets occur at Hull, < anada ; others containing ft p e. Cr,O a at WaicfleJd, 
Quebec, i*arge perfect crystals in mica schist neur Fort Wrangell, Aluaku, 


Gautterite. p. 351. — An allienl hydrated silicate of magnesium and nickel ham been 
found in Southern Oregon, at Piney Mountain, Cow Creek, Douglas County. 
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Ginilsite, Fischer. —A doubtful silicate from the Ginilsalp, Graubttnden, Switzerland. 

Gismondite, p. 841.— Triclinic, complex twins, according to Schrauf and v. Lasaulx. 

Guakajuatite, Fernandez. 1878.— -The same mineral as that afterward called frenzelite 
(p. 228). Composition (Mallet), Bi a Sc>, with a little Se replaced by S. SUaonite is a 
mechanical mixture of this mineral and native bismuth. 

Gunntsonite, Clarke and Perry (Am. Chem. Joum., iv., 140). — A massive substance, of 
a deep purple color, mixed with calcitc. An analysis, after deducting 12*75 CaC0 3 . yielded 
CaF a 74*89, CaO 1144, SiO, 0*87, Al a O a 5 95, Nft a O 0*85 = 100. Probably an impure 
fluorite ; perhaps altered ; certainly not a homogenous mineral. 

Guejarite, Cumengc. —Orthorhombic ; in prismatic crystals, form near that of ohalco- 
stibite. H. = 8*5. G. = 5 08. Color steel gray. Composition CuaSb^S? or Cu„S + 2Sb a S*. 
From the copper mines in the district of Guejar, Andalusia. 

Gijmmite. — T his decoin [position product of uraninitc occurs in considerable masses at 
the Flat Hock mine, Mitchell Co., N. C. 

Gyroute. p. 828 .— Tobermorite of Ileddle, is near gyrolite and okenite. Massive. Color 

S inkish white. (). ~ 2*428. Analysis : SiO a 46*62, AL0 3 8*99, F a () a O' 06, FeO 1*08, CaO 
11*98, K.jU 0 57, NttjO 0 89, Il v O 12 11 = 99 81. Filling cavities in rocks near Tobermory, 
Island of Mull. 

Halloysitk, p. 852. — Tnilicniaite of Cox, is a white porcelain cla^, useful in the arts, 
occurring in considerable beds in Lawrence Co., Indiana. 

Hannavitf., vo in Rath. — In triclinie prismatic crystals. G. =1*893. Composition 
n«(NIl 4 )Mg«P«O ls -»• 8 aq. Occurs in guano of the Skipton Caves, Victoria. 

II ATeiiETTOLfTE, J. L. Smith. — Isometric, habit octahedral. II. = 5. G. r 4 77-4 90. Lustre 
resinous. Color yellowish brown. Translucent. Fracture eonehoidal. A eolurabo-tan- 
talate of uranium and calcium, containing 5 p.c. water ; closely related to pyrochlore. 
With samurskite in the mica mines of Mitchell Co., N. C. 

IIayesink. — A ccording toN. IL Darton, this l>orate occurs sparingly with datolite and cal- 
cite at Bergen Hill, N. J. 

II KDYPnANF., p. 367 — A variety from Langban contains (Lindstrbm) 8 p.c. BaO. Mono- 
clinic (Dos Cloizeaux), and i>erhaps isomorphous with caryinite, p. 422 ; this would sepa- 
rate it from miraotite. 


Hf.ldburoite, LUdeeke. — In minute tetragonal crystals, resembling guarinite. Color 
yellow. H. = 6*5. Composition unknown. Fn feldspar of the phonolyte of the lieldburg, 
near Coburg. 

Helvite, p. 302. — Occurs at the mica mine near Amelia Court House, Amelia Co., Vir- 
ginia. In crystals and crystalline masses, of a sulphur-yellow color, imbedded in ortho- 
clase. 

Hkxwoodite. Collins. — In botryoidal globular masses, crystalline. II. = 4-4*5. G. 
= 2*07. C<dor turquoise blue. A hydrous phosphate of aluminum and copper (7 p.c, 
CuO). West Phemx mine, Cornwall. 

Herkenorundite. Brezina t= UrvOlgyitc, Szabt'O.— In spherical groups of six-sided tabu- 
lar crystals (luonoelinic). Cleavage basal perfect. H. = 2*5. G. = 8*182. Lustre vitreous, 
pearly on cleavage face. Color emerald to bluish green. A hydrous basic sulphate of 
copper, allied to l&ngite. From Herrengrund {= Urvolgy) in Hungary. 
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HttOTK. p. 228.— Pseudo-isometric (trie lime) according to Beeke, but the conclusion is 
not beyond question. 

Hetjeroute (Hetairitc), G. E. Moore.— In botryoidal coatings, with radiated structure. 
H. s= 5 G. =r 4 938. Stated to be a sine hausmannite. Occurs with chalcophnnite at 
Sterling Hill, New Jersey. 

Heubachite, Sandberger. — In thin soot-like incrustations, also dendritic. Color black. 
A hydrous oxide of cobalt and nickel. Heubachtlml. near Wit lichen. Baden 

Heulakdite, p.847. — Oryzitv of Grattan da may l>e identical with hcuhnni.c In 
minute white crystals, resembling rice grains rirr). Elba. 

Hibbertitk, Heddle. — A lcmon-ydlow powder in kammererito ; in comjKwition probably 
a mixture of magnesium hydrate and calcium carbonate. From the chromite quarry in 
the island of Cnst, Scotland. 

Hieratitk, Cossa » Trans. Acad. Line , III., vi . 14*. — A (mtiissiitui fl no-si lien te, 2KP -f 
SiF 4 , obtained in octahedral crystals from nil aqueous solution of jmrt of staluctitic coiicre. 
tions found at the fumurolesof the crater of Vulcano The concretions have a grayish color, 
a sjsmgy texture, mrelv compact, anti consist of liiciatitc, lamella* of boracie acid, with 
selen^ulphur. arsenic sulphide, etc. 

Hoxu.itk, l'aijkull — Near gadolinite and datolite in angles and habit II. -- 

0 3*34 Lustre resinous to \ it riMHi!*. Color black or blackish brown. Translucent in 
thin splinters. <’oin|>oMtioii FeCuBjSijO,,,, or analogous to datolite From the Sto**k6. 
neurBrevig, Norway 

IIopKtTK. — Conijmsition probably Znj\.0„ -» 4 aq. Orthorhombic. Altcnlwrg. 

IIi ; BNERiTK, p. 3*3. — Found fJennev) near Lend wood, Illack Hills, Dukota. Alsoitirho- 
dochrosite at Adervielle, in the Hautes B\icn6e> 

IlrxTiMTE, Wiiriz.— An imnure massive mineral from Silver Islet, laike SiqH'rior, re. 
gurded as a basic silver arseniue. 

Hyai.oti.kite, Nonh n* kiold. Coarsely crystalline, massive. II. - fi 5T>. G. 3*81. 
Lustre Mtnoiis to greasy Color white to p«*arly grav Analysis (incomplete; : SiO., 3982, 
PbO 25 30, BaO CaO 7 00, ign. 0*82, AhtijKjtl, etc., tr From L&nghan. Sweden. 

Hydro* i.ri'ssitk, Xordcnskirtld. — A hydrous lead carbonate, occurring in white or color- 
less crystalline plutes on imti\e lead at fAnghan, Sweden 

Hydrofr ank unite, Itccppcr. — A hydrous oxide of zinc, manganese and iron, occurring 
in brilliant regular octahedrons, with j>erfi*ct octahedral cleavage. Sterling Hill, N. *L 
Never compielelv described. 

IlYDRopinuTE, Adam. — Calcium chloride ; see ehlorocaleite, p, 200. 

Hydrorhodonite, Euf/nt rltm A hydrou* silicate of manganese (MnSiO, + aq). Massive, 
crystalline. Color red brown. lAngban, Sweden. 

Ilehitk. Wuensch — In loosely adlicn nt crystalline aggregates, (’olor white. Taste 
bitter, astringent, Corn fiosi lion (M \V. lies) USO, 4 4 aq, w ith It - Mn : Zn : Fc - 5 : 

1 : L Occurs in a siliceous gaiigue in Hall Valley, Bark Co,, Colonulo. 

Iodobromite. v. Lasaulx — Isometric, octahedral. O. — 5 713. Color sulphur yellow, 
sometimes greenish. Composition 2AgfCl.Br) t Agl. From the mine “Sehbne Aus- 
sicht,” Deraljoch, Nassau. 


Iron, p 226. — The later investigations of tie* socall ed meteoric iron of Ovifak, Disco 
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Bay, Greenland, more especially by Tbmebohm and J. Lawrence Smith, leave no doubt that 
it is in fact terrestrial. 


Jamesotshte, p. 251.— Occurs in Sevier Co., Arkansas, with other ores of antimony. 

3 xnosiTE.— Occurs in tabular rhombohedral crystals at the Vulture mine, Arizona 
(Siiliman), and at the Arrow mine, Chaffee Co., Colorado (KOnig). Composition K a S0 4 -f 

Fe a S a Oia + 2FeJI 6 O 0 . 

Kentrolite, Darnour and votn Rath. — In minute orthorhombic crystals, grouped in 
sheaf-Jike forms like stilbite. 11. = 5. 0. “0*19. Color dark reddish brown. Composition 
probably J*h u Mn !i Si i ..O«. From Southern Chili. 

Krknnkrite, voin Rath ( Bunsenin , Krenner) — Orthorhombic; in vertically striated 
prismatic crystals. Color silver white to brass yellow. Lustre metallic, brilliant. A fcellu- 
ride of gold, fierhups related to calaverite. Nugyag, Transylvania. 

Lautite, Frenzol — Generally massive. II. = 3-9*5. G = 4 96. Metallic. Color iron 
black. Formula given CuAsS, but very probably a mixture. Lauta, Marienberg, Saxony. 

Lawrencite, Daubree. — 1 ron protochloride occurring in the Greenland native iron, etc. 

Leaduillite, p. 890. — Susan nite is very probably identical with lcadhillite. 

IjEIDYITK, Kftnig — In verruciform incrustations, consisting of fine scales. Color various 
shades of green. A hydrous silicate of aluminum, iron, magnesium, and calcium. Leiper- 
ville, Delaware Co. , Penn. 

Leucite, p. 818. — Dustmen made artificially bv Fouquc and Levy : also an iron leucite 
has been made by llauteleuille ; optical character as of natural crystals. 

LKUroc'if AI.CITE, SandU'rger. —In slender, nearly white crystals At tording to an imper- 
fect description, an arsenical tagilite. Wilheimiue mine in the S|K*ssart. 


Lbucopiianite, p. 800. — Monoelinie (Bertrand, Groth), twins analogous to those of liar- 
motome. 

Leuootile, Ilare. — In irregularly grouped silkv fibres of a green color. Analysis : SiO f 
28*98, Al v O, 0*99, Fe,0, 8*10, MgO 29*78, Cat) 7*87, Nu,U 182. K v O tr., II a O 17 29 = 99*89. 
Reichenstein, Silesia. 

Libkthentte, p. 873. — Pseudo-orthorhombic, monoclinic, according to Schrauf. 

Liskeakpite, Maskelviie. — Massive, incrust ing. Color white. Stated to have the compo- 
sition ALAs.O,,, 1611,0. Not fully described. LLkeard, Cornwall. 

Livingstonite, p. 282. — Composition probably HgjS + 4Sl>,S s . 

Loitisite, Honevmann. — A transparent, glassv, leek green mineral. H. = 6*5. G.= 2*41. 
Analysis (U. lauds) : SiO, 68 74, Al-O, V 57, FeO 1 25, MnO tr., CaO 17*27, MgO 0*88, 
K,0 8 88, Na-,0 0*08, 11,0 12 90 = 99*68. 

Macfari.anite, Sibley. — A name given to the complex granular silver ore of Silver Islet, 
Lake Superior, which has yielded the supposed huntilite. 


Maunoi.ite, F A. Genth. — In radiating tufts of minute acicular crystals. Color white. 
Lustre silky. Composition perhaps Ilg^TcO*. A decomposition product of coloradoite, 
Keystone mine, Magnolia District, Colorado. 
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IfALLAlDlTE, Carnot— In eoiorlcaa eystallino fibrous nifcw'S. Com}x>>jtion MnSO« + 7aq. 
Prom the “Lucky Hoy” silver mine, Butterfield Canon, mar Salt I^ake, Utah. 

Maxgaxosite, Blomstranel.— Isometric. Cleavage cubic. II ; 5 fi G. rt 5*118. 
Lustre vitreous Color emerald green on fresh fracture. Looming black on cxitosure. 
Composition MnO. From l.AiigUan, anti from the Mossgrufva, Mold murk. S widen, 

Makmairouti Holst.— In line crystalline nets lies 11 5 (». 1107. Color palo 

yellow v'om(K^inoi) near enstatitej but with 0 p.c.NitjO and I D pc. K„0. 1>A lighten, 

Sweden. 

Matri«*itk, lloLt.-* In crystalline mask's. H 3-4. G. :-2*53. Color pray. Ft 'el 
greasy. A lndrous silicate of magnesium, near villarsite, but with one molecule 1LO, 
From tin Knmgrufvu, Wcrtnlaml, Swetleii 


M ki. inotkkitk, Lindstrom — Massive, cleavnhle. H 35. G - 5 70. Lustre metallic 
to rcMnom. Color black to bluckish gru\ < oiiijmim! ion l*b Fe.Si.O* (analogous to ken- 
trolitcl With magnetite and veilow garnet at LAngluin. Sweden. 

MKLA.soTHU.LiTt., S weld. — Copper chloride from Vosimus. 

Mklavtkhitk, p T.t5. J.uckitr of Carnot L a variet v containing 1 1) p.c. MnO. t% Lucky 
Boy ” silver mine, Butterfield (’anon, near Salt Lake, (’tali. 

Mllicii AN irt;, p MOO. — Tetragonal according to Bertrand 

Mknaoi amtk, p 200 - ffi/rfrotfmmitt o f Bloiustraiid is a partially altered variety, con- 
taining nidi lc water. From Stnalnnd, Sweden 

Mica fiRori*. pi*. 311 to 315, — Tnchennuk has shown that all the sjH'eies « »f the mica 
group are inoius lune an axis of elasticity liemg inclined a tew degrees to the- plum' of 
cleavage ; these ronciusjons an* eoiitiriiie*e| by Bauer; and von Kokscharnf shows that in 
angle* then* is no srnsildc deviation flout tin* ort horhniuhic lyja*. 

Tschermuk divides the sjamics into two groups as follows ; 

I 

FimfitPH: Anomito. Meroxene, Le*j>idome*himv 

JViloyojritr* ; J’hlogopiU*, Zmnwaldite. 

^ Lepidolito. 

MHwmntt'H : - Muscovite, 

/ I ’aragonite*. 

Mnrgaritr* : Mnrgaritc. 

In group I. are included all the micas in whic h the* optic axial plane Is nerpemlicular to the 
plane of symmetry ; and group II. includes those* in whic h it is parallel to tin* plane of 
syiium*trv. Thus the fnrimr spc*cies biotite is divided on this principle into anomite 
(ti ruttn*, runtrury to fmn and mmurnr > Brotliaupt's name* for the Vesuvinn biotite). For 
example*, tie* mica o eurring with dioxide in granular ealeite at Luke* Baikal is anomito. 
as also that from Greenwood Furnace N V. Meroxene is reprewiited by the* Vcsuvinn 
magnesian mica. Muscovite iic lude-s also some «>f the “ h yd ron liens '* to all of which 
belong the formula fH.K) v A1 Si n. ; pfnv if * ma name given to some muscovite s approach- 
ing lepieloUte in eompeisitinn. and thus not eoriformiiig to the* unisilicate tyjs* For the full 
discussion of t he subject, *<•«. th** original memoirs of Tschcrmak and also those.* of Kumrnels- 
berg, etc*, n-ferred to in Ap|M*ndix III. 

Huy ht ’f it ( Huddle i, from Scotch granite, etc., is a varie tv of biotite, e*h»ir«ctcrijcc*el by 
containing much FcO (to ID p.c i and little* MgO. Sift? rojihyttite <11. C. Lewis) from Col- 
orado contains ail F«*0 (25*5 pc. > and only a trace of magnesia. 

Microi.ite, p. 359 —In small brilliant oe'tahedrons, light grayish yellow to blackish brown 
fXorrienskiold i, at Uttf, Sweden. 0. - 5*25. Composition Ca a Ta*0 7 , with also MnO and 
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Occurs at the mica mines of Amelia Co., Virginia (Dunnington). In modified octa- 
hedrons, also in large <to 4 lbs.) im|jerfeet crystals. G. = 5*056. Composition essentially 
Ca a Ttt a O,, with also *, CbOF«. Also occurs at Hnmchville. Conn. (Brush and Dana). 
Haddamite of Shepard, from lladdnm, Conn., is related, [jerhaps identical. 


Mila rite. — O rthorhombic, jwudo-hexngonal. Composition HKCa^AljSijaOio. Origin- 
ally descrilxd from Vul Milar, but really (Kuschel) from Val Giuf, Switzerland (giuiite). 

Mimktitk, p. 866. — According to lk*i*tran<l and Jannettaz, crystals of pure lead arsenate 
are biaxial; as the amount of lend phosphate increases the angle diminishes and pure lead 
phosphate (pynmiorphitc) is uniuxial ; but thus may be due to the grouping of uniaxial 
crystals in ismitious not quite parallel. Occurs with vanadinite in Yuma Co., Arizona 
(Sdliman, Blake). 

Mixitk, Sch rau f. — Inerusting, crypto crystalline. Color emerald to bluish green. II. 
= 8-4. G. —2*66. A hydrous arsenate of cop}x*r and bismuth. Joachimsthal. 

Molyjiuenitk, p. 288. — Perhaps orthorhombic (Groth). 

Molyiidomenitk, ( 'oiiALTOMKMTK. Bertrand (Bull. Soc. Min . v. 1)0) —Minerals Ixdonging 
to the same group of srlenites as chnlcomniite M'dyhdom* nil? is a h ad selenite, occur- 
ring in thin white lamella*, nearly transparent, orthorhombic, two cleavages. ( obalfome- 
ti iff is a eohult selenite m minute rose-red crystals occurring in the midst of the sclenides 
of lead and cobalt. From Cueheuta, Argentine Republic. 

Monazitk, n. 86^ — From Arendal, a normul phosphate < Kalmuck) n»rg) of cerium, lan- 
thanum ami didvinium, containing no thorium nor zir<*onium. Peiitield has proved that 
the thorium sometimes found is due to admixed thorite. Turnrrifi', according to Pisani, 
has the same comiMwitioii. 

Occurs in very nrilliunt highly modified crystals at Milholland's Mill, Alexander Co., X. 
C. ; also at other localities in North Carolina (Midden) In large masses with microlitc at 
the mica mines of Amelia Co , Va. ; also ut Portland t near Middletown > Conn. 

Monktitk, (\ V. Shepard and C. l T . Shejmrd, Jr.— In irregular aggregates of small tri- 
clinic crystals. II. - 8 5. G. 2 75. Lustre vitr<*ous Color pale yellowish white. Semi- 
transparent. Composition IICuP0 4 , requiring 1\0« 52 . 0. CaO 41*18. H ; (> 6*62 -- 100. 
Occurs with gypsum and nioni'c at the guano isluuds, Moneta and Mona, in the West 
Indies. 

M unite occurs as a slightly coherent, uncrystalline, snow-white mineral. G. = 2*1. 
C*>mjH>sition |>erhaps CuaPAL t ll a 0. 

Morukmtk. — Stwleite of How is an altered inordenite from Cajx Split, N. S. Mor- 
denite (How) has the coniposit ion SiO» 68 40, ALO a 12*77, CuO 8 46, NaA) 2*85, H a O 
18 02 = 100 . 


Naoyagite, p. 241).— Perhaps orthorhombic (Sclirauf). 

Natrolite, p. 842. — Monoclinie, according to Lfidecke. 

Nrooyanite, Seaechi. — In minute tabular crystals of a blue color. Supposed to be an 
anhydrous copper silicate. Mt. Vesuvius. 

Nephrite, p, 297. —The general subject of nephrite and jadeite in their mineralogical 
and arehanilogical relations lias Ikh*u exhaustively discussed by Fischer in a special work 
on that subject. 

Newberyite vom Rath. — Tn rather large tabular orthorhombic crystals. Composition 
Mg a ii v P 8 0« + 6 aq. From the guano of the Skipton Caves, Victoria." 
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Nitrobarttr. — Crystals of native liarium nitrate have been obtained from Chili; in 
apparent octahedron* formed of the two tetrahedron*. 

Xocerixe, Soacchi.-In white aciculur crystal*, j>crhaps rhoml>ohedrnl ; regarded a* a 
double fluoride of calcium ami magucMum. From the xolcninc kioinlw ot Noecrti. 

0<tahki>rite (Anatase\ p. 277.— Belong to the monoclinic system, according to Mal- 
lards view «see j>. 186). 

Found in nearly colorless transparent crystals at Urimlletown, Burke Co , N. C. (Hidden). 

Onokrite —A massive mineral |G : 7 02'. from Marysvale, Ctah. has the composition 
Hg(S, Sc), with S : Sc ~ 0 : 1. It thus corresj»onds nearly with 11 aid in go is onofntc. which 
has S : Sc ~ 4 : 1. 

Orpiment (p. 231) and realgar <p. 231) tx’cur in Iron Co , Ctah (Uluke). 

Orthoclase, p 325 — Klook maim (Z. Kryd . vi . 4115b has descried twins of nrthoclnso 
from the ScholzenUTg, near Warnihrunu, in Silesia, the twinning planes in dilleient cases 
were i-i, f), 24, 24. 1, t 3. 

Orthite, p 80S. —Found in imperfect bladed crystals at the mica mines in Amelia Co., 
Virginia, with motiazite, eolumhite, etc. 

Ottreutk, p. 358.— A variety of ottrelite from Venasipie, in the Pyrenees, has l»ecn 
called tvmixi/t/tfc (i)aruour). 

Oxarmitk — Ammonium oxalate (Shepard) from theGuanapc Islands. Also called guana - 
pite by ltaimondu 

Ozocerite. — A related mineral wax has lx*en found in large quantities in Utah. 

Pach.voute, p 205.— See thommnolitt\ p. 438. 

Peckhamite, J. I. Smith.— From the Estherville, Emmet Co., Iowa, meteorite. In 
rounded m*dul«*s, with greasy lustre, and light greenish-yellow color, U. 3*23. Coin|K> 
sitloii equivalent to two molecules of eiistatite and one of chrysolite. 

Pectoute, p. 827.— WaikeriU (Heddle) is a closely related mineral from the Condor- 
phine lliil, near Edinburgh. Scotland. 

Peiagite, Church. — A name given to the eouqwxdte manganese nodules obtained by the 
“ dialling* r” from the Ixittom of the Pacific. 

Pen with it e, Collins.— Described as a hydrated silicate of manganese (MnSiO# f 2 aq) 
from Pen with, ( omwail. 

Peropskite. p 270. — Kcreut observations refer it to the orthorhombic system, the enrs- 
tais being complex twins. Bcn-Kaudc, however, regards it as isometrie, and parallel 
hemihedral, the observed double refraction being due to secondary causes, set! p. 100. 

Petalite, p, 295. — Hvdrocastorite is an alteration product of castorite from Elba (Grat- 

tarola). 

Pharr a cost dee me, p. 878.— Pseudo* isometric, according to Bertrand, see p. 186. 

PBEXAcm, p. 801 —Obtained well crystallized from Switzerland, perhaps from Val 
Giuf. Also (Cross and Hiilebrand) from near Pike’s Peak, El Paso Co., Colorado. 

Phillipsitr, p. 848.— Crystalline system monoclinic (Streng), with a higher degreo of 
ptendo-symmetry due to twinning. 

28 
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Ph osphttr A NTXTTE, Genth. — Afl a pulverulent incrustation, of deep lemon-yellow color. 
Composition probably (UO a ) a P a 0* - 4 - 0 aq Occurs with other uranium minerals at the 
Plat R<x;k mine, Mitchell Co., N. C. 

PicrrK, Nies.— An amorphous, dark brown hydrous iron phosphate from the Eleonore 
mine and the Rothlaufchcn mine, near Giessen. Of doubtful homogeneity. 

pK’KEEiN’fiiTE, p. 305 . — Sonoma it* (Goldsmith), from the Geysers, California, and picroal* 
lumoyenc (Roster), from Elba, are closely related minerals. 

Piijomte, IleddK — A name suggested for some minerals from Scottish loealitiesof nearly 
related composition, which have gone by the names “mountain leather ” and “mountain 
cork.” 

pLAmoriTRrTE, Sandbergcr, Singer. — A hydrous sulphate of alumina, iron, potassium, 
sodium, ete , occurring in lemon-yellow microscopic crystals, and formed from the decom- 
position of pyrite at the Bauer»U>rg, near Bischofsheim vor der Rhon. 


Platinum, p. 223. — A nugget weighing 104 grains, and consisting of 46 p.c. platinum 
and 54 p.c. chromite, was found near Plattsburgh. N V. (Collier). 

Plumhomanganitk, Dummy. — Described as a sulphide of manganese and lead, but doubt- 
less a mixture. Source unknown. ' 

Plumiiostanmtk, Raimondi. — An impure massive mineral, d ('scribed as a sulph-antimo- 
nito of tin. lead and iron, but of doubtful homogeneity. From the district of Moho, Peru. 

Polydymitk, LiiK|K‘yres.— Isometric, octahedral. II =4*5 G. = 4 H08j-4 816. Com- 
position Ni,S,. From Grtlnau. Westphalia. Lasix-vrcs regards the saynite of \ on KoIk* 11, 
grUimuite of Nieol, as an impure j Mil ydy mite. j 

i 

Polyhalite, p. 303. — Krugite (Preedit) is a related mineral from New Stufesfurt. Com- 
position. if homogeneous, K a S<> 4 4 MgSO, ♦ 4CuS() 4 2 aq. 

pRicKiTK, p. 382 . — Ptihdermitc jvom Rath) is a Innate from Panderma on tjhe Black Sea, 
near prieeite, if not identical with it. , 

D 

p8Ei T iKmn<K»KiTE, Koch.— -In thin tabular striuted crystals, orthorhomP n . H. = 6. 
G. ~ 408. Lustre adamantine, on crystalline faces. Color (lark brown tc >»lack. r on- 
tains principally the oxides of iron and titanium From the andesite of the » ranyer Berg, 
Transylvania, and Rivcau Grand, Monte Dure, also with the asparagus stoi u* of Jumilla* 
Spain (Lewis). Neur bnxikite. 

Phecik>xatuoute, Grattarola.— In minute nebular crystals. Colorless. A hydrous 
silicate (62 0 p.c. SiO.) of aluminum and calcium. From San Piero, Elba. 

Psilomelane, p. 282. — Cal von ig rife (Lospeyres) from KRlteborn is a variety. 

Pyhite, p. 243. — Occurs in highly nuxliflcd crystals in Gilpin Co.. Colorado. 

PvaoursiTE, p. 278. — Acoonling to Groth, the prismatic angle is 90 30 ^ 

PYROPiiospnoRiTE. C. l\ Shepard. Jr. — A massive, earthy, snow-white i^neral from the 
West Indies. Described as a pyrophosphate of calcium ancl magnesium. 

mi 

Pyrauotite, p. 241. —Perhaps ouly pseudo-hexagonal, the apparent f(«* a t && to twin* 
ning. 

Quartz, p. £84. — The smoky quartz of BranchviUe, Conn., contains vei. « Wffe auanti* 
ties of liquid CO* (Hawes), also X,H a S,SO,,H,X,F (A. W. Wright'. J * 
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Ralstonite, p. 283. — Composition (Brandi) 3 Nm,Mg.Ua)F, + 8Al a F*«h 611*0. 

Randite, KOnig. A canary yellow incrustation on granite at Fran k fonl , netir Phila- 
delphia. Contains calcium ami uranium, hut composition doubtful. 

Reddixoite, G. J. Brush and E. S. Dana.— Orthorhombic ; habit octahedral ; fonn near 
that of scorodite. H. = 3-3 5. U.riMO. Lustre vitreous to sul*- resinous. Color mile 
rose pink to yellowish white. Composition Mn ,l\0. 4 8 nq. with a varying amount of iron 
(5-8 p.c.FeO), With other rnanganesian phosphates at BmnehviUo. Uonn. 

Reinitk. K. v. Fritsoh, Ludivko. — A tetragonal iron tungstate (Fe\V0 4 ) near sehoelitein 
form, and perhaps a pseudomorph. From ftimbosun, Japan. 

Resin. — The following are names recently given to various hydroearlion ronijxMinds : 
ajkite, bernardinite, celestial it e, duxite, gcdniiite, hofnmnnite. humimte, ionite, khlluchite, 
muekite, neudorlite, phvtocollite, ]H>sepnyte. 

Rhabdopfiaxe, Lettsom.— A cerium phosphate, |>erhnps the same ns phosphooerito. 

Rhodochrositk, p. 408.— A Hungarian variety, containing 8!) p c. FeCO. . hits )>ccn called 
nuwflmumderit* i Ba\ or). 

Occurs at Brunchvillc, Conn., containing 1678 p.c. FiO iPcnthld). 

RnontziTF. — According to Dnmour, rlmdi/.ite of Hose, from the Cral, is an alkaline lioro* 
aluminate. Pseudo- isometric according to Bertrand. 

Rogerhite, J. L Smith. — A thin mammillary crust, of a white color, on sa mars kite. A 
hydrous eolutnliate of yttrium, etc., exact comj>osit ion uiidctermiiied Mitchell Co., N, C, 

RoscoELTTE, p, 887. — A silicate, according to recent analyse* by (leuth, having the for- 
mula KtMg.Fc (Ala.V.jvSi^Oaj •+■ 4 nq ; also (Hanks) from big Ited Kavine, near Sutter’s 
Mill, Cal. 


Ros elite, p. 872. — True composition ILAs.Om - 4 - 2 nq i Winkler), hence analogous to fair- 
fieldite, p. 428. 

Rubislite, Ileddle. — An uncertain ehloritie substance from the granite of Rubisluw, near 
Aberdeen, Scotland. 

Rutile, p. 278. — Pseudo-tetragonal aeeonling to the view of Mallard (see p. 1S8). 

Occurs in splendent crystals in Alexander Co., N. C (Hidden). 


Samarskite, p. 381. — The North Carolina mineral has iieen shown to contain erbium, ter 
biuin, phillipium, deeipium (Delafontaine. Mangnaci. A supfMwd new element, moHan- 
drum. was also announced by Smith. Vistuu/hojib is a ferruginous variety from Luke 
Baikal, in the Ural. 

Sarawakite. Frenzel. — Occurs in minute crystals in the native antimony of Borneo; 
perhaps sonunnontite. 

Sca polite, p. 317. — The scapolite* have been showm by Adams to contain chlorine (up to 
248 p. e) when quite unaltered. The analyses of Seminar, Sip<k% and Bcckc prove the 

nme. 

Ontarioliit (Shepard) is a variety occurring in limestone at Galway, Ontario, Cunoda. 

SuHXEEnERo yte, Brczina, — In isometric octahedrons of a honey-yellow color from Sehnee- 
berg, Tyrol. Contains lime and antimony, but exact com j position unknown. 

Schorloxitk, p. 387. — 1 The ho called schorlomite of the Kaiscrstubl is, according to Knop, 
either.* titaniferous melanite or pyroxene. 
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Skmsetite, Krcnner.— Stated to be related to plagionite ; from Fels5banya. Not yet 
described, 

Senarmontite, p. 284. — Pseudo-isometric according to Mallard (p. 186). Grosse-Bohle, 
who has investigated the subject, suggests the same for arsenolite. 

Sefiomtk, p. 849. — Chester has analyzed a fibrous variety from L^tah. 

Serpentine, p. 850. — Sehrauf (Z. Kryst., vi.. 821 » has studied the magnesia silicates from 
the Her|M*nti»e region near Hudweis, Southern Bohemia. He introduces the following new 
names : Kelyphitr, a serpent i nous routing of altered crystals of pyrojx* ; Enophite. a chloritic 
variety of serpentine ; l^ruiliU (wrong orthography for lennilitei in composition near the 
verinieulite of Ijcmii (Cooke), hence name ; Si I in ophite , a heterogeneous sutistanee high in 
silica ; Hydrubiotite. (same name used by Lewis) a hydrated biotite ; B^rlauite , a chloritic 
sulwtancc filling cavities nctween the granite and serjientine ; Srhuchardtite , the so-called 
ehrysopniserde from Glascndorf, Silesia. He also uses the general name parachlorite for 
sulwtanccs conforming to /w Al v Si-, 0»3 4 . nU v Si()« -4 /jaq, and protochlorite for those corre- 
sponding to m A LSiO b 4 n(R.Si <),) -4 ymq. 

Totniyite (Hwldlc) is an unecrtuui w*riM*ntin<ni8 mineral, derived from the decomposition 
of malacolitc. From Tntaig, Rosshire, Scotland. 

Seri'TKRITK, I)cs Chazeuux -In minute tabular crystals; orthorhombic. Color greenish. 
Stated to be u basic sulphate of copjxr (Damour). From L.iurium, Greece. 

Siderazot, Silvestri —Iron nitride, a coating on lava at Etna. 

Sidkronatrite, Raimondi --Sdb ronatritr, from Iluantnjayn, Peru, and urwnte (Frenzel) 
from the island Tschleken. Caspian Sea, are hydrous sulphates of iron and sodium, near 
each other ami Mat cd to the doubtful bartholomitc. 

Sipvute. Mullet.— Tetragonal, in octahedrons. Form near that of fergusonite. Cleav- 
age octahedral ; usually massive, crystalline. 11 ~ 0. G : 4 88. Color brownish black to 
brownish orange Essentially a columlmte of erbium, cerium, lanthanum, didymium, 
uranium, etc. With allanite on the Little Friar Mt., Amherst Co , \ a. 

Snaltitk, p. 245. — Occurs near Gothic, Gunnison County, Colorado. 

SpnACRocoBAt.TiTE, Weisbnch. — Tn small spherical masses, concentric, radiated. Color 
within rose-red. IL - 4. G. -= 4 02-4 18. Coiu[>ositioii CoC0 3 . With roselitc at 
Schnoeborg, Saxony. 

SpomosiTK. Til*erg. — In flattened prismatic crystals. A calcium phosphate, and per- 
iwig pseudomorphous. From the Krungnifni, Wermland, Sweden. 

Spii A t.ERiTE, p. 287 — The sphalerite from the Picrreftttc mine, Vallee Argelcs, Pyrfn^ea, 
contains gallium (L. de Boisbaudran), and various American (Cornwall) and Norwegian 
(W leu gel) varieties afford indium. 


Spodvmenk, p. 395. — The true comj»osition is expressed by the formula Li,ALSL0i„ as 
proved by numerous recent analyses. 

Occurs in small prismatic crystals of a deep emerald green to yellowish green color, with 
beryl (emerald), rutile, immuzitc, etc., in Alexander Co., X. C. This variety, w’hich has 
been extensively introduced as a gem, was called hiddenite by J. L. Smith, after W. E. 
Hidden. 

The alteration products of the spodumene of Chesterfield and Goshen, Mass., have been 
described bv A. A. Juliet). 

Occurs in Immense crystals at Branchville, Conn. (Brush and Dana). The unaltered min- 
eral is of an amethystine purple color and perfectly transparent, but the crystals are mostly 
altered. This alteration has yielded (1) a substance called tf-spodumene. apparently homo- 
geneous, but in fact an intimate mixture of albite andeucryptite (q.v., p. 428); alsocvmatolite, 
a mixture of albite and muscovite ; also albite alone ; muscovite ; microcline, and killinite. 
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Staurouts, p. 886 . — Xantholite (lleddlc) from near Milltown, Ijoeh New, Scotland, is a 
closely related miueral. 

Sterxbercute, p. 2A0.—Argfntopjtritf, A r;jyn>pt/rifr and Frit* trite an* varieth*s, or at 
least closely related minerals. They are esse fit ia fly identical in form, while Strong shows 
that the composition of the aeries niuv be expressed bv the general formula Ag*S •+> 
y>Fe-S. . 

Stibianitf., Goldsmith. — A doubtful decomjiosition product of stibndc. near atibiconite. 
From Victoria. 

Stibkonite. — E xtensive deposits of an antimony oxide, near stibieottile, occur at Sonora, 
Mexico. The ore carries silver chloride. 

Stibmte, p. 232. - Occurs with other antimony minerals in Sexier Co., Arkansas. In 
groups of large splendent crystals on un island in western Japan. 

Stiuhte, p. :t40. — Monoel ime, and isomorphoiis with liarmotome and phillipsito 
/v. Lasaulx). 

Strkxoite, Kies — Orthorhombic, and isomorphons with seonslite. Generally in spherical 
and Imtrvnidal aggregates. II. Ji -4. (i 2*7. Lustre vitreous. Color various 
shades of red to colorless. ('otii|>ositii»ii Fe.P.o. ♦ 4 a<j. From the Klconmv mine near 
Cieissen, the Uothlimfehen mine near Waldgirmes ; also in cavities in t In* dufretiite from 
Kockbridge Co , Va. (Konig). 

Rtrontiamte, p 466.— Occur** at Hamm, Westphalia, *uimHinies in highly modified 
pseudo-hexagonal crystals, resend ding common forms of aragonite (Lus}n * y res i. 

Stutzite, Sehrmif.-— A silver telluride. occurring in fwcudo-hexugnnul crystals of aloud 
gray color. Named from a single specimen probably from Na^yag 

Szaboite, Koch. — In minute trielinie crystals, near rhodonite in form. II. 6-7. 0, 

5= 8*505. Lustre vitreous, sometimes tending to metallic and pearly. Color hair hroxvti ; 
in very thin translucent crystals browni-h red. A Mlicate of ealeiwm and iron (KSiMi.) re- 
lated to bnbingtonite Occurs with pseuflobhMikitc in the andesite of the Aranxer Jierg, 
Transyl vuniu; Mt Calx arm, Etna ; Hiveau Grand, Monte Don*. 

Szmikite. v. Schrbckingcr. — Amorphous, stalactite- Color whitish to reddisli. Com- 
position MnSO, -r 11,0 Eelsobanya, Transylvania. 

Talktripi iti: Ggelstrdrm.- A phosphate of iron, manganese, magnesium and calcium ; 
probablv a tnplite remarkable as containing MgO (17*42 p.c.j ami CuO (14*01). From 
rlorrsjoVxTg m Wermland, Sweden. 

Tantamte, i*. 350. — Occurs in North Carolina; in Coosa Co , Ala. 

Hangantaninlih (Nortlenakiold)isamaiiganesian variety ill p e. MnO) from Ctfl, Sweden. 

Tarapacaiti:. Haimondi. — A supjMwd jH>ta»sium c hromate, occurring in bright yellow 
fragments m the midst of the soda nitre from Turuj mea, Peru. 

Tazxite, Doxneykn — Regarded us an nracnio-nntiinonnte of bismuth, but probably a 
heterogeneous sti Instance. 

Tellurite.— T h#* tellurium oxide (TeO.) occurs in minute prismatic, yellow to white 
crystals, iinliedded in native tellurium ; also incrusting. Keystone, Smuggler and John 
Jay mines in Colorado. 

Tellurium, p. 227. — An impure variety from the Mountain Lion mine, Colorado, hai 
been called uokite. 
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Tejcxantite, p. 256 . — Fredridte (IT. Sjogren) is a variety from Palu, Sweden, con- 
taining lead (5 p.c.), tin (1*4 p.c.) un<l silvtr (J*9 p.e.). 

Tenorite, p 207. — Made triclinic, on optical grounds, by Kalkowsky. 

TEyt.'EsyrrrK. — A corruption of tequixquitl, a name used in Mexico to designate a mix- 
ture of (li Heron t salts. 

Tktraiikdritk, p. 255. — Occurs near Central < *if jr, Gilpin Co.. Colorado, in crystals 
coating elmleopyritc in parallel ]x>sit ion. Also at NcwhiiryporL, Mass.; in Arizona (10*28 
!**»>• 

Frujtdiie (D’Achiardi) is a variety with 12*7 p.c. Fe, etc., from the Valle del Frigido, 
Apuun Alps. 

Tiiaumasite, JVordeuxkiOfd . — Massive, compact. II. — 0*5. O. ~ 1*877. Color white. 
Lustre greasy, dull. ('omjHisition deduced CaSiCL 4- CaCO a + CaSO* -f 11 aq, but it is 
very doubtful whether the material analyzed was homogeneous. 

Thkxarwtk, ]). 590. — Occurs in large dejiosits on the Itio Verde, Arizona (Silliman). 

Thomsknoutk. p. 205. — According to Klein end, later, Ilrundl and Groth, thomscnolite 
and pachnolito are distinct minerals. ThontwnoUte is mnnocliuic, (1 — 89 8?C, and c 
(vert ) : b : d -= 1 -0877 : 1 : 0 9959, and has the conqioyition (Na -4 Ca)F a AliF fl 4 - 11 v O . 
PacJiHAi’itr is iuonoclinic,/J = 89 40’. r ( vert.) : h : d 1*5520: 1 : 1 020. and has the compo- 
sition (Na * Ca)F >4 t AUFh. Paehnolite is a cryolite with two sodium atoms replaced by 
one calcium atom, and thomscnolite is the same, with also one molecule oi water. 

Tiiowhoxite, n 542.- Occurs in ainygdulcs in the diabase of Grand Marais, Lake Supe- 
rior ; also in polished |>ebblcs on the lake shore. The pebbles are sometimes opaque white, 
like porcelain ; sometimes green in color and granular iviriety called lintonitn ; some- 
limes with fibrous rudialed structure, of various colors, and of great beauty. The last are 
valued as ornaments. 

Tiunoutk - Calcium earl m mule, forming large tufa-like, deposits in Nevada, a shore 
formation of the former Lake Luhontun. Regarded by King as pseudomorph after gay- 
lussitc, but this is doubtful. 

Thorite, p 540. — A variety of thorite is called vrnnofhorifr by Collier ; it contains 
9*96 U,<).,. Massive. G. - 4*120. Color dark reel-brown. From the Champlain iron 
region, N. Y. 

Titanitk, p. 555.— Occurs, often in enormous crystals or groups of crystals, at Renfrew, 
Canada, with zircon (twins), apatite and amphitiole. 

Ahhedite (Blomstraml) is a variety from Sinnland, Sweden, containing 2*8 p.c. YO. 

Titanomorphife is a name given by v. Lasaulx to u jmrt of the white granular aggregates 
surrounding rutile and menaeeanite. and derived from their alteration. It is a calcium tita- 
nate, according to BettendortT’s analysis, but Cuthrein (A, Kryst.. vi , 244) shows that it is 
really a variety of titunite. Ijeucoxene is a name earlier (1874) given by Gil in he! for a 
similar substance of doubtful chemical nature often observed in rocks ; according to 
Cathrein it is a titunite with or without a mixture of rutile microlites. 

Topax, p. 852. — Pseudo-orthorhombic (monoclinict, according to the view of Mallard 
(see p. 186). 

Occurs near Pike’s Peak, El Paso Co., Colorado, and at Stoncham, Maine. 

Torbanite, p. 418. — Wolhmqangite (p. 410) is referred to torbanite bv Li versidge ; it is 
from Hartley, New South Wales, not Wollongong, so that the name is inappropriate. 

Tocrmalixe, p. 829.— Pseudo-rhombohedml according to the view of Mallard (see 
p. 185). 

Occurs in white, nearly colorless crystals, at De Kalb, St. Lawrence Co., Y. 
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Tkidtxits, p. 298. -Pseudo-hexagonal (triclinic), according to Schuster and also v 
Lasaulx. Asinaiute is piobably identical with it. 

Hautefeuille has made it artificially; and it has Ix'en observe! with zinc spinel as a result 
of the alteration of zinc muffles. 1 


Triphylitk, p 361) — The eomixwition ilVnfield) is I.il-YPO, j.-. Li,PO» * Kc a P 0„ with 
the iron replaced by manganese m part. 

LithiuMUtc (11 rush and Dana. i> a variety almost free from iron (down to 4 pe.h and 
corresponding to the formula LiMnPO, Li.PO, • Mu,P.(b. Mhsmvo. cleavubl e <(). /, 
•-1). t olor salmon, —honey yellow', \eilowish brown, light clove brown Occurs with other 
mangancsian phosphates m i>ogmatite, at Bramhville. Fairfield t o , Conn. 

Triploiwte (G. «T. Brush and K. S. liana) — Monocliuic, near wagnerite in form Gen- 
erally in iibroua crystalline aggregates II. 4 ,V5. (i. : 3 U)7 Lustre vitreous to 

greasy adamantine (olor yellowish to reddish brown topaz yellow, hwiiinth red Trans- 
parent. Com|*)sition R 3 I\(h ♦ K(OH.. with H Mn : Fe* 3.1: “hence analogous to 
triplite, but with (Oil) replacing F. With other manganesiun phosphates ((m>m thorite, 
lithiophilite, etc.) from Branch ville, Conn, * 

TaiPCKriTB, Damour nnd vom Bath - I.i small brilliant crystals, tetragonal. Color 
bluish gm it. Stated io a hydrous arsciule of copjier. With olmmitc in euprite from 
CopiajH» f chili, 

Tyson nr Allen ami Comst<*ek — Hexagonal Cleavage basal. 11. 4 nV2*. (J. 6*13. 

Lustre vil reotis to iv"im>us Color pale wax jellow. ( om posit ion (Ce. La, I>i \ F r . From 
near Pike 8 Peak. < olorado. The crystals arc mostly altered to (mslnflmtt ialso cal hid 
ha mart itc). which is a 11 no carbonate, near parisite. 

I K A ninut., p 274.-- Occurs in bniliant black octahedral crystals at Branclmllo, Conn. 
G~!)25. Anal) si- In, 40 -OK, to :»t:»|. 1M.O 127. F«<’> Oil), 11,0 0 HS 100*23. 
Also from Mitchell Co., N. C. ; mostly altered to guininite. 

I llANo< iiiriTi.. W’eisbach.— Orthorhombic, like autunitc. < ‘leu vage basal perfect. G. 
3^53. i olor yellow green. Composition Bal'. ]*,(),•, i 8 mj. in ijimrtz >»ins, Saxon 
Voightland. 


I RANoTHAi.uTK, Schruuf (Z. Krysf,, vi , 410) — A uranium carbonate from Joachims- 
tlrnl, originally mentioned bv Vogl. Occurs in confused aggregates of orthorhombic crys- 
tals. Calculate formula t'(V,0* f 2CaCOj ) 10 a(j, 

I ranotii.k. p 341 — Occurs in Mitchell Co., N. C. C * out h writes the formula, 

Fa,(i:o.) r> Si »().,, -f 18 wp 

< Vanadtnitk, p. 367 —Occurs in high!) nullified crystals in the State of Cordoba. Argen- 
tine Republic. Also in \cr\ lwautilul mlwul <r\sta1s at the Hamburg ami other mines 
in Yuma Co., Arizona (Silliman ; Blake), and in yellow to ncurly while crystals at other 
localities in Arizona. 

Varis< ite. — The so-called f#»gnnitc from Montgomery Co., Ark., is shown by Chester to 
be identical with Brcithaupt’s variscite. (’oiujxoition ALI\<>„ 4 4 wp 

V eneriti!. Hunt. — An impure ehloritie mineral containing copper ; mined as copjxir ore 
at Jones' mine, near Springflcid, Berks Co, Penn. 


Yei.micvmte, p. 3.V5 . — Protovermirvlitr /Kbnig) and ph Hudelph itc (Lewis) are mineral* 
related to the other •* ve^nu;uJit^*s,’ , the whole group lacing decomposition products of other 
micas. 

Vesbixe. Scacchi.— Forms thin yellow crusts on lava of 1631, Vesuvius ; supposed to 
contain a new element, vesbium. 
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Vesuviaxjte, p. 405.— Pseudo-tetragonal, according to the view of Mallard (see p. 186). 

A variety from JordanbiiiQhl contains a p.c. MnO i manganidocrase). 

Yehzelvite, p. 376. — Composition, according to Schrauf, 2(Zn,Cu) 3 A8. < i0 8 -t-9(Zii,Cu)Ha0 1 
4* 9 aq, with < ’u : Zn ~ 3 : 2, and As : P = 1 : 1 . 

Wad, p. 283 — Lepidophtrile (Weisbaeh) is a related mineral from Karosdorf, Thuringia. 
Composition stated to be CuMn c O, 3 -h 9 aq. 

Wao.vkmtk, p. 868 - — Kjrrvlftne li/is been shown to be identical with wagnerite in 
form and composition ; often partially altered. 

Walpl'ruiti:, p. 375). — Triclinio (pseudo-monoclinic), according to Weisbach. 

WATTf.vini.iTK, Singer. — In minute ucicular snow-white crystals. A hydrous sulphate 
of calcium, sodium, iMjtaaxiiun, etc Formed from the decomposition of pyrite at the 
llauerslHjrg, near Biscnofsheim vor dcr Uhbti. 

Wui.FEVtTK, p. 38*1 — Occurs in fine crystals in the Eureka distriet, Nevada; also in 
Vumn (Jo., Arizona, sometimes in simple octahedral crystals (Silliinun). 

XantiioI'IIVLutk, p. 858. — Waluewite (v. Knkschurof) is a well crystallized variety from 
Aehmatovsk, Ural. 

Xknotimk, p. 304.— Occurs compounded with zircon in Burke Co.. N. C. (Hidden). 

Yoiwim:, Hammy. — Deserilnsl as a sulphide of lead, zinc, iron and manganese, but 
doubtless a mixture. 

Zincai.pminitk, Bertrand and Damonr — In thin hexagonal plates minute. II. ~ 2 5-8. 
G. .2 20 < om (position 2ZnS< ), t 4ZuII v O« -+ 3A1.H*0». + 5 aq. From the zine mines of 
Laurium, Greece. 

Zircon, p. 304. — Occurs in fine twin crystals (Ft. Iik«* mtile and caxsiteritei with titanite 
and apatite, in Renfrew Co , Canada (Hidden). Alsu with astrophvllite anti arfvedsouite in 
El 1 *aso Co. , Colorado. 

Pseudo-tetragonal, aeeortling to the view of Mallard (see p. 180). 

JieccarUc (Uruttarolu) is a variety from Ceylou. 
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SYNOPSIS OF MILLER’S SYSTEM OF CHYSTALLOQRAPHY. 


Titk following pages contain a concise presentation of the System of Crystallography pro- 
posed by Prof. \Y. II Miller in 1H.U). and now employe! by a large proportion of the worker* 
In Mineralogy. The attempt has Iteen made to present the suhjeet brielly, and yet with suftl- 
cient fulness to enable any one having some previous knowledge of Crystallography not only 
to understand the System, but also to list; it himself. For the full development of the subject, 
especially of its the«>n«tical side, reference must be mode to the works id Miller, Uruilioh, 
von I>ang. Selirauf and Bmienuan (sis* tin* Introduction), »s also to the admirable Lectures 
of Prof Mask'dvuc, printed in the Chemical News for 1N?:1 tvol. xxxi.,11, lJi, 24, (Id, lul, 
111, 131, 1 5-1, -M*0, 282). 


OlCNKllAL Pill NC I PLUS. 

The indices of Miller and flair r* Union to those of Xaumnnn. — The position of a plane ADD 
(f. 751) in determined when the distances OA, OB, DU are known, which it cuts oil in the 



_ ned axes X, Y. Z from their point of intersection O The lengths of these axe* for ft 
•ingle plane of a crystal being taken as units, thus OA «, OB - A, OC ~ •\ it is found that th* 
lengths of the corresponding lines OH, OK, OL for any other plane, IIKL, of the same «y»* 
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tal always bear some simple relation, expressed in whole numbers, to these assumed units 
This relation may be expressed as follows : 


or in the more common form 


The numbers represented by 7/, k , l are called the indices of the plane and determine its 
position, when the elements of the crystal — the lengths and mutual inclinations of the axes — 
are known. When the lines are taken in the opposite direction Iron) 0, they are called nega- 
tive ; the corresponding negative character of the indices is indicated by the minus sign 
placed over the index, thus, //, /•, or 7. When the unit, or fundamental form, is appropriately 
chosen, the numbers representing //, /', l seldom exceed six. 

The above relation may also be written in the form : 


Here r, n, m, which are obviously the reciprocals of the indices h , k , l respectively, are 
essentially identical with the symbols of Nuumunn. For example, if h — 3, k = 2, / = 2, 
then r - n r- 4, m = 4, and the symbol of Miller becomes but by Nan* 

mann’s usage this is so transformed that r I, and u 1 (or sometimes n 1, and r > 1), 
in other words, by multiplying through by 3, in this case, the symbol takes the fora a : : 

or, as abbreviated, (?1 >3 ). "lhe symbol a : \b : [ c properly belongs to the plane MNB 
^f^751), which is parallel to, and hence crystallogrnphically identical (p. 11) with the plane 

Special r nines of the indices h, k , l . It is obvious that several distinct cases are possible : 
(1) The three indices /*, A:, l are all greater than unity, then including the various pyramidal 

pianos. The number of similar planes corres}>oiuling to the general form -j hkl j- depends 

upon the degree of symmetry of the crystalline system, and upon the special values of h t k, l, 
e.g.. h etc. These cases are considered later in their piopor place 

(2) One of the three indices may be equal to zero, indicating then that the plane is parallel 
to the axis corresponding to this index. Thus the symbol (hlV) % ~ a : nh : x r, or ua : b : coc 
(p. 11), belongs to the planes parallel to the vertical uxis<, as shown inf. They are 

called prismatic planes. The symbol (hUl), ~ a : x b : me tp. 11 ) belongs to the planes par- 
allel to the axis b, as in f. 753. The mliol (OAY), - ao a : b : me, belongs to the planes parallel 
to the axis a, f. 704. 


K— — 





e 

b 


T 7 

j 


kr" 


■ J 


A 

r 

pr?" 

/ r * - 



\ / 
\ / 




(8) Two of the indices may be zero, the symbol (hJd) then becomes (001), — oca x>b : 
the basal plane, f. 755 ; (010), = go a : b : aoc; and (100), =- a ; ao b : x c. These are the 
three diametral or pinacoid planes. 

The synilml (OlOmqiivsents t lie elinopinacoid (* i)of theMonoelinic system, and (following 
Groth) the brack y pi nacoid (#-|) of the Orthorhombic. Similarly (A0/ > belongs to the ortho- 


• The symbol is written here in this order to correspond with the (A k /) of Miller ; on 
10, and subsequently, the reverse order : lb : a was adopted for the sake of uni* 
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domes of the Monoclinic, and the rnttctmlomes of the Orthorhombic system ; also <0W) 
belongs to thechnodouies of the former, and the brachydnmes of the latter* See also p. 457. 

Spherical Projection. — If the centre of a crystal, that is, the point of intersection of tha 
three axes, be taken as the centre of a 
sphere, and normals be drawn from it to 
the successive planes of the crystals, the 
points, where they meet the surface of the 
sphere, will be the polos of the respective 
planes. For example, in f. ?.*>(> the com- 
mon centre of the crystal and sphere is at O, 
the normal to the plane b meets the surface 
of the spheic at 11, of b at 11', of <t and c 
at D and E respectively, ami so on These 
poles evidently determine the position of 
the plane in each case. 

It is obvious that the pole of the plane b 
(010) opposite b (010), will be at the oppo- 
site extremity of the diameter of the sphere, 
and so in general, ( 1 X?0 » and (120 , etc It is 
seen also that all the poles, or normal points, 
of planes in the same zone. that. is. planes 
whose intersection lilies are parallel, are in 
the same great circle, for instance the 
planes b (010), d (110), a (100), c (110), and 
so on. 

It is customary* in the use of the sphere 
to regard it as projected upon a hori/.ontal 
plane, usually that normal to the prismatic 
sone, so that, as in f Toll, the prismatic planes lie in the circumference of the circle, and the 
other planes within it. The eye being supposed to In* situated at t he opposite extremity of 
the diameter of the sphere normal to this plane, the great circles then appear either os arcs 
of circles, or os straight lines, t.e , diameters. 

It will be further obvious lrom f. 75(1 that the arc HI), between the poles of h and d, mea- 
sures an angle at the centre (HOD), which is the supplement of tin* actual interior angle bud 
between the two planes. This fact, that the are of a great circle intercepted between the 
poles of two plant's always givt h the supplement, of tin* actual angle between the planes them- 
selves, is most important, and does much to facilitate the ease of calculation. In consequence 
of this, it is customary with many crystullographers to give for the angle between two planes, 
not the interfacial angle, but that between their normals. 

It is one of the great advantages of this method of projection that it may be employed to 
•bow not only the relative positions of the planes, but also those of the optic axes, and the 
axes of elasticity. 

Relation between the indice* of a plane and the u/njle mode by it trith the axes -When tb# 
assumed axes are at right angles to each other they coincide 
with the normals to the piuacoid planes (001, 010, 100). and 
consequently meet the spherical surface at their poles. When 
the axial angles are not 1)0 , this is no longer true. In all 
cases, however, the following relation holds good between 
the cosines of the angles made by a plane with the axes: 

ori = c08PX 6 k =cosPY ol " COH PZ - 

But from the equation (1 ) before given, by the introduction 
ot the values of OH, OK, OL, we obtain : 

-r oo« PX = 4 - cob PY = - r co« PZ. . (2) 

A k l 

This equation is fundamental, and many of the relations given beyond are deduced from it. 
It will be seen that in the case of the orthornctric systems the angles PX. PY, PZ are tht 
supplement-angles between any plane ihkl) and the pinacoids (001), (010). ( 100>. 

dictations between jtlanes in the same zone . — By the use of the equation 2), it may be shown 



75(1 



• On the construction of the spherical projection, see p. 58. 
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that if two planet (hkl) and {pgr) lie in the same zone, that the following equation most hold 
good : 

tux cos XQ + vA cos YQ + we cos ZQ = 0. 
where n. ?=. kr — Iq, y = Ip — hr, w = hg — kp. 

The letters n, v, w are culled the symbol of the zone or great circle PE. Every plane 
E(ayf ) of this zone must satisfy the equation : 

uz -+- vy + wi = 0 (3) 

If now (uvw) be the symbol of one zone, and (efg) of another intersecting it, then the point 
of intersection will be the pole of a plane lying in both zones, whose indices {hid) must satisfy 
two equations similar to (3). These indices are equal to : 

h = gv — fw k = ew — gu X — fu — ev. 


The application of this principle is extremely simple, and its importance cannot be over- 
estimated. Some examples are added here, showing the method of use. 

Kw m filr* of the method* of calenUiiion by zones. — (1 ) For the zone of planes between (100) 
and (001), the zone indices are u 0, v — 1, w = 0. They are obtained by multiplication 
in the munncr indicated in the following scheme : 


In general A 

k l h k In this case 

XXX 

10 0 10 

\ / N / \ 

V 

grp g 

0 0 1 0 0 

i? 

1 

>- 

•4* 

II 

0 

y = Vp — Ar ; w — lig — kp. 

u = 0 ; v = I ; w = 0. 


Consequently every plane (hkl) in the zone named must answer the condition : uA + vk 
•f wi = 0, that is, in this cose k = 0. The general symbol is consequently [hOl). Compare 
f. 759. 

0 0 10 0 


(2) For the zone (001), (010), in a similar manner: 

0 


\/ \' v 
/\ / \ /\ 

10 0 1 


u = I, v = 0, w r- 0, and the equation of condition becomes h = 0, and the general sym- 
bol is (OAi). Compare f. 759. 

(8) For the prismatic zone b< tween (100) and (OH) , the general symbol will be found to be 
(AMO. Compare f. 759. 

758 (4) For the pyramidal zone between the basal plane (001) and 



0 

the unit prism (110), we have the scheme : 

1 



Hence u = T, v -- 1, w 0, and the equation of condition be- 
comes A — k , and hence the general symbol is hhl for the unit pyra- 
mids. 

For a plane lying at once in two zones, for instance the plane 
lettered 2-2 in f. 758, lying in the zone 7, 2-2, 1 - I, and in the zone 
i-i, 3-5, 2-5, 1, l-i. The indices, uvw, for the first zone l-l (011), 
1(1 Wl are, obtained as alsivo, u = I, v — 1, w - 1. Again, for 
the zone between »-l i01O', 1-1 ( 1<*1 u the zmie indices, efg, are, 
e — 1, f - 0, g rr 1. The indices (hkl), for the plane ( 2-0 ) lying in 
both these zones, and hence answering lo two equations of con- 
dition, an 1 obtained by multiplication in u scheme exactly like that 
already given, viz.: 


In general 


u 

e 


V w u 



\ \ 
/ \ / 

£ e 


h = gv — f w ; k = cw — gu ; 


v In this case 


1 = fu — ev. 


i i i I i 

\ ' \ ^ ' 

1 0 1 V 1 0 

A = 1; k = 2; / = 1. 


The plane has consequently the symbol (211). 
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For the zone of planes. lettered on the figure (f. 73$) i-l, 3-5, 2-5, etc., the indices, at 
already shown, are e=I, f = o, g.r |, 
and consequently the equation cf condi- 
tion reduces to 4 ~ f, and tin* general 
symbol is 444. This zone is shown on 
the spherical projection, f. 75$, ami in- 
eludes the planes 010 u-B, l:tl tU-fti, 121 
(2-5', 111 (1>, 101 (1-/). and soon, 

A second examp e of the nlmve method 
is afforded bv the plane lettered 2-5 in 
f. 75$. It lies in the zone M (10th to 1-1 
(Oil), whose indices, tjvvv, obtained a? lie- 
fore, are. u ~ 0, v — 1. w — 1. It is also 
in the zone l>etw<*on /illOi and 1 f Jon, 
whose imliees, efg, are, e — 1. f I, g - J. 

Its own symliol Jikh is deduced as ubo\o : 

0 110 1 

i i 
1: f- 1. 

ThesyniUd is consequently »21K The 
position of tliis plane is shown on tin* 
spherical projection, f. 75:>, as also that of the zone first menrtoned above, whose iwliecs 
wore u — 0, v : 1 , w - 1 , and for which the equation <:p consequently reduces to k / ; 
the general symlxil is then \hkk\ the planes 100 (/-I . 211 2-2', 111 « 1 », Oil (l-Tt.ctc., Mong 
in this zone. 

The example emploved here serves to show the extensive application of ihis principle of 
zones. Supposing that in tliis crystal, f. 758, / ( 1 1 Oi, and M i0lh have been assumed as 
fundamental planes in their resjieetive zones, the symlxds of all the others may be obtained 
in this way, without the necessity of a single measurement ; the reflecting goniometer would 
indicate the presence of the few necessary zones not shown by the parallel intersections. 

Method W of Calc 'tint ion. — In consequence of the wide application of thin method of deter- 
mining the symbols of a plane by the zones in which it lies, actual trigonometrical oalcula 
tions are not very frequently required. The methods employed are always those of *j)hcrirol 
trigonometry, and in most eases no formulas arc needed, the problems arising requiring 
nothing hut the solution of the triangles, mostly right-angled, seen on the spherical ^projection. 
It is to be remembered that an arc of a great circle, between two poleH, shown in the projec- 
tion, is always the supplement of the actual interfaced angle between the planes themselves. 



Some of the more commonly used formulas for the solution of spherical triangles, which 
have been already given on p 02, are, for the sake of convenience, repeated here. 

In right-angled spherical triangles C - DO , h - the hypothenuse. 


Sin A — 


siiTTi 


sin B 


sin b 
sin h 


Cos A - 


tan b 
tan 4 


Ton A = 


tan a 
sin b 


cos II 


tan a 
tan 4 


tan B 


tan b 
sin ft 


. COM B . 

8in A = - £ sin B 

cos o 

con h = cos a cos b 

cos 4 = cot A oot li 


cos A 
oot a 


In oblique-angled spherical triangles : 


(1) Sin A : sin B = sin a : sin b \ 

(2) Cos a — cos b coa e + sin b sin c cos A ; 

(3) Cot h sin e = cos c cos A + sin A oot B ; 

(4) Coa A =s — coa B cos C + tin B sin 0 oot 0. 
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In calculation it is often nose oowrenieat to use, instead of the latter formulas* those 
especially arranged for logarithms, which will be found in any of the many bodes devoted 
to mathematical formulas. 


In addition to the mere solution of triangles on the spherical projection, it is also necessary 
to connect by equations tbe actually measured angles with the lengths and incl in ati o ns of 
axes of the crystals themselves. These equations are given in connection with the different 
systems. 

The following relation between the planes in the same zone is also of very wide appli- 
cation : 

Let P, Q, S, R be the poles of four planes in a zone (f. 700), having the following indices, 
viz. : P = ( hkl ), Q = (pgr), R = ( uvw ), 8 = (xyz). The folowing relation may 
700 be deduoed between them, on the supposition that PQ < PR. 



oot PS — cot PR _ (P.Q) (S.R) 

cotPQ^corPIt “ (Q.R) * (P.S) * 

(P.Q) __ kr — Iq __ Ip — hr __hq — kp 

(Q. R) ~~ qw — ri)~ ru — pw~~ pv — qu' 

(8.R) __ try — z v _zu — xw _xv — yu 

(P. S) ~ kz- It/ ~ lx — hz ~ hy - kx 


(4) 


( 5 ) 


By means of the above equation it is possible to deduce the indices or angle of a fourth 
plane, when those of the three others are given. In the application of this principle it is 
essential that the planes should be taken in the proper order, as shown above ; to accomplish 
this it is often necessary to use the indices and corresponding angles, not of [hkl ), but its 
opposite plane <//A7), etc. 

In the orthometric systems this relation admits of being much simplified. 

If one of the above four planes coincides with a pinacoid plane (100), (010), or (001), and 
another with a plane in a zone with a second pinacoid 90 from the first, then the following 
relations hold good for two planes P (hkl), and Q( pqr) in this zone : 


h tan PA _ k _ l 
p * tan QA ~~ q ~~ r' 


h __ k tan PB _ l 
p ~~ g * tan QB ~ r’ 


h __ k _ l tan PO 
p q r * tan QO* 

As a further simplification of the above equation for the case of a prismatic plane (A£0), ©i 
a dome {hOl) or (0A7), between two pinacoid planes 90 J from another, we have : 

h __ tanjl 00)J1 10) # h _ tan (001) (h OH # k tanjOOl UOM) 
k ton (100) {/M) ; 1 tun ^001) ,101)* 7 tan ,001^011 f 

These equations are the ones ordinarily employed to determine the symbol of any prismatic 
plane or dome. It will be seen at once that all the above relations for rectangular zones are 
essentially identical with those given on p. 59, though here expressed in a clearer and more 
concise form. 


Systems of Crystallization. 

AH orystals are divided into six classes, acoording to the degree of symmetry which charac- 
terizes them. This symmetry, as well as the relations of the different planes of a crystal, k 
shown in the lengths and position of the axes which are taken for each. With reference ui 
their axial relations crystals are divided into tbe following six systems; 

I. trnmetric — Three equal axes (a, a, a) at right angles to one another. 

IL Tetragonal 8y*t *m 1 Two equal lateral axes (o, a), and a third vertical axis {c) of on 
equal length; all at right angles. 
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UL Urnip oma l Sf t tm . — aqnal ktwl um (a. a, a) awfayrt »ngfa»of 00% Mai • 
fourth vertical aodt (<5) oi unequal length, perpendicular to the plane of the others. 

IV. Orthorhombic Syttem.— Three unequal exes (<*, i, d) el light angles to each other. 

V. Mmodtoie Three unequal axes (% 6, di; the angle be t wee n d and A, and 

betwee n d and d = 90% hut tho angle between « and d greater and less than 90*. 

VL TrieUnie 8y$tem. — Three unequal axes (^, <l) ; the axial angles all oblique.' 


I. Isometric System. 

The symbol [AW] embrace* all the form* possible under each system in the most general 
oaae. Since in the Isometric System all the axes are of equal value, it obviously follows 
from the symmetry of the system that each one of the indioes may be exchanged for eaoh of 
the others, so that the total number of planes possible will be given by all the arrangements 
of the indioes ±A, ± k, ±1, or as follows: 


AW 

m 

m 

klh 

Ihk 

Ikh 

hid 

fi/k 

k)d 

k h 

Ihk 

Ikh 

hkl 

hlk 

khl 

klh 

Ihk 

Ikh 

hid 

) ilk 

khl 

klh 

Vik 

Ikh 

hkl 

hlk 

khl 

klh 

Ihk 

Uch 

hkl 

hlk 

hid 

klh 

Vik 

Ikh 

m 

ha 

khl 

klh 

Ihh 

Ikh 

hid 

hlk 

khl 

klh 

Vik 

Ikh 


A. I lob >hr <1rul Form*. 

There are seven cases possible among the hololiedral form* of this system, according to thf 
valuej of A, A, l. These are shown in the list below, to which are added tho symbols, aftei 
Naumann, given on p. 14, though, as already explained, written in tho inverse order. In the 
most general case |AWj* the form includes Jorty fight similar planes, and in the most 
special case |100j, there are included nix similar planes. 




Mii.lkr. 


Naumann. 


1. 

[hkl ] 

i h 

, k>l. 

a 

na : via 


2. 

[hkk\ 

h 

■ k. 

a 

mo : via 

|m*m]. 

3. 

[hhk\ 

; A 

■ k. 

a 

a : via 

1"*]. 

4. 

fill] 

; a 

:=h k=l-\. 

a 

a : a 

m. 

5. 

[AA0] 

t: 

= 0. 

a 

na : to a 

|i a). 

6. 

[110] 

h 

~ k 1 ; l = 0. 

a 

a : x a 

ia 

7. 

[100] 

h 

— 1, k ^ l 0. 

a 

tj a : to a 

[//]. 


The seven distinct forms corresponding to these symbols are as follows, taken in the 
order as on pp 14-20, where the forms arc descrilied : 

Cube (f. 7dl), — Symbol [100], including the six planes (100), (010;, (100), (OlO), (001), 
(001). See also the spherical projection (f. 700). 




704 


705 



[ 100 ] [ 111 ] [ 100 ] [ 110 ] [ 111 ] 


Octahedron (t. 702). — Symbol fill], including the eight planes taken in order shown is 

1 769 , (ill), (Hi;, (Hi), <ui>, (lib, nil), :in , dm. 


♦In general the indices of any individual plane are written (AW), whereas the general 
symbol [AW] indicates aU the planes belonging to the form, varying in number in the different 
systems ; thus, in this system, [100] is the general symbol for the six similar planes of the 
cube. 
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Dodecahedron (f. 768). — Symbol [110], including the twelve planet, (110), (IlO), (1 10) 
alO), (lot), (Oil), (101), (Oil), (101), (Oil), (ioi), (Oil). 

The relations between these three forms are given in full on pp. 15, 16, and need not be 
repeated. It is to be noticed that the distance between two contiguous poles of [100] and 
fl 10J is (see f. 700) ; between those of [100J and [111] it is 54° 44', and between (110) and 
(111) it is 85° 16'. Moreover, the angle between (111) and (ill) is 70° 32', and between (111) 
and (III), 109* 28'. 


766 




[ 211 ] 



[3111 


Tetragonal tnsoetahedron (t. 767, 768). — Symbol [A&£], with h>k , comprising twenty-foul 
similar planes. 

Trigonal Lrieoctakcdron (f. 760). — Symbol [AM*], with h >k , also embracing twenty-four like 
planes. 




[810] 



[321] 


Tetraheoeahedron (f. 770. 771).— Symbol [MO] Including twenty-four like planes. As seen on 
the spherical projection (f. 760), the planes of the form [M*0] He in a sone with the dodeca- 
hedral planes, between two pinacoid planes. 

Uenoctahedron (f. 772), [M/j.— This is the most general form in the system, including the 
forty-eight planes enumerated on p. 447. Their position {h = 3, k = 2, l = 1) is shown on 
the spherical projection (f. 706). 


B. U&nihedral Form . 

There are two kinds of hemihedral forms observed, as shown on p. 20: (1) tb ehem&tofa 
hodral where half the quadrants have the whole number of planes ; and (2) the holohemihedrai 
where all the quadrants have half the full number of planes. The first kind produces ineUnod 
hemihodrons, indicated by the symbol k.AJU], and the second kind produces parallel hemihe- 
drone, indicated by the symbol *r[AAQ. The resulting forms in the several oases axe as follows * 





IOLLKB'8 8 Y STEM OF CTRTSTJU-LOQRAJPHT. 
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iHCLnn&D Hkkihedrtsm— Tetrakedro* (ill Symbol *[111]. The plus tetrahedron 
(f. 773) include* the four plane* fill), (lil) t (Ilf), (111). The minua tetrahedon (f, 774) 
include* the plane* (ill), (111), (111), (lif). 


773 774 775 770 777 



*[111] <1113 *[211] *[121] *[021] 


Hemi'trieoctahednme . — The syml>ol x[AM*} denotes the solid shown in f. 775, ami * [AAA*] 
the solid shown in f. 770. They are the hem i hod ml forms of the tetragonal and trigonal 
triftoctahedrons respectively. 

Hem i- h exoriah e* iron —The same kind of hcmihcdristn applied to tho lioxootuhedron pro* 
duces the form shown in f. 777. having the general symbol *|AA/|. 

Inclined hemihedrinm as applied to the three other solid* of this system produce* form* 
in no way different, in outward appearance. from the hnlnhedral forms 

PARALLEL IlEMrnEDKlsw produces distinct, independent, fonns only in tho ease of tho 
tetrahexahedron and the hcxoctnhedrnn. The symbol of tho former is t(AA0J, and of tho 
lattor, r[hkl\ ; they are shown iu f. 77N-7S2. 


778 779 7S0 781 782 



ir[2lt)j vr [531 0] r[130] *[210] [100J n[:j3l] 


TeUvrtdhedrnl form* of several kinds are possible in this system, but they are of small 
practical interest. 


•Mathematical Jhiatiotm of the ho metric System. 


(1) The distance of the pole of any plane V(hkl) from the cubic f or pinacoid) planes is given 
by the following equations These are derived ftotn liquation (2), p. 443. Hero PX( PA) 
is the distance between (hkl) and (100j; 1*Y( -PH; is the distance between (hkl) and (010); 
ai:d PZ( ~ PC) that between (hkl) and (001 j. 

The following equations admit of much simplification in special cases, for (AA^)), (AAA:), etc. 


cos" PA = 


A* + k* +1 ,< 


A* + '+?’ 


(2) The distance between the poles of any two planes Ihkl) and (pgr) is given by the fob 
lowing equation, which in special cases may also be more or less simplified : 

__ hp -h kg + Ir 

008 ** V (A* + A 9 + 1*) {p* + g* + r*Y 

(8) Calculation of the value* of A, k % f, tor the several form*. — (a) Tetragonal trisoctah « 
from (1 767). B and C are the supplement angles of the edge* os lettered in the figure, 

<X * B - + 2k* c “ FTik* 


29 
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For the hemihedral form (f. 775), ooe B = 


A*-2A* 
A® + 2A»* 


{ b ) Trigonal trisoctahedron. — The angles A and C are, as before, the supplements of the 
iuterfaci&i angles of the edges lettered as in f. 759. 


oos A = 


A® + 2 AA 
2A 4 + A®' 


cos B = 


2A* — A* 
2A » + *** 


For the hemihedral form (f. 770), cos B — 


A* — 2AA 
2A* 4- A® * 


Tetrahexahedron (f. 770), 


cos A = 


A* 

A® 4- A*’ 


cos C = 


2hk 

A* + A*’ 


For the hemihedral form (f. 778), cos A' 


A® — A* 

: A* 4- A® 


. cos 0* = 


hk 

A® + A 3 * 


Hexoetahcdron (f. 772). 

A 3 4- 2A? 


008 A : 


4* 4- A® - P 


2AA 4- P 


A® 4- A® 4- l 3 


; 008 B = C0B c = *. T¥TP 


For the hemihedral form k [hkl] (f. 777), cos B' = 


A® - 2AZ 
A® 4- A® 4- 


For tt[AA?], cos A' = 


A® - A* + V* 
A® 4 - A* 4- V ' 


cos C = - 


A/ 4~ ?A 4- AA 


a® 4 - A® 4 - r * 


For planes lying in the some zone the methods of calculation given on p 444 and p. 440 
are made use of. In many cases, however, the simplest method of solution of a given prob* 
lem is by means of the spherical triangles on the projection (f. 700). 


II. Tetragonal System. 

In the Tetragonal System, since the vertical axis c has n different length from the two 
equal lateral axes, the index l, referring to it, is never exchangeable for the other indices. A and A. 
The general form [AA?] consequently embraces all the plares which ^ave as their symbols 
the different arrangements of ±A, ±A, ±1, in which l always holds the last place. We 
thus obtain : 

hkl hkl hkl hkl AA? Ml Hi khl 

AA? hkl hkl hkl khl khl khl AA? 


A Eolohedral Forms . 

According to the values of A, A, and l in this general form (A = 0, A = A, etc.), different 
cases may arise. By this means we obtain a list of all the possible distinct holohedral forma 
hi this system. They are analogous to those of the Isometric System. 


Hiller. Naumaxn. 


1. [AA*]: h>k. 

a na : me 

[m-n]. 

2. [AM] ; h=>k. 

a a : me 

[»]• 

8. [AW] ; A or k = 0. 

a oca : me 


4. [AAA] ; k>k,l = 0. 

a na : ooe 


5. [UOJ ; * = * = 1,1 = 0. 

a a : coo 

[/]• 

[OJ. 

«. [100] ; * = 0, 1 = 0. 

7. [001] ; A = * = 0. 

to a : cc a : e 
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The forms answering to these general symbols (compare f. 790) are as follows : 

Basal plants. — Symbol [001], including the planes (001) and (001). 

Prisms. — (a) Diametral prism, or that of the second series (f. 783). Symbol [100], in 
eluding the four planes (I00i, (010), (UK)), (010). 

(b) unit prism, or prism '.f the j\r*t series (f. 784). — Symbol [110], embracing the foul 
planes (UO). (110), < i 10). (110). The relation of these two prisms is shown on p. §0. 

(c) Octagonal prism (f. 7S.~>). — Symbol [AAO]. including the eight planes (h A0), (M0), (J7«0), 

(hk 0), (Mil), (MO). iM 0), (MO). 

Octahedrons or Pyramids. — There are two series of octahedral planes, corresponding to the 
two square prisma (a) Octahedrons of the second' or diametral series. Symbol («0fj, in- 
eluding eight similar planes The form [101] is shown in f. 780. 

(b) Octahedrons of the Jirst , or unit series. — Symbol [AA7J, embracing oight similar planet. 
The form [111] is shown in f. 787. 

783 784 785 780 787 



[100] [001] [110] [210] [101] [lit] 

Octagonal Pyramid *. — The genera! symbol [AW] embrace*, a* «lroa<ly ahown, sixteen 
like planes, which together form the ootagoual pyramid shown in f. 788. 


788 789 790 

V . 



The relations of the various tetragonal forms will be understood by reference to f. 790, 
showing the projection for the crystal represented in f. 781*. 

B. Uemhedral Form*. 791 


Among the hemihedral form, there are tfl be dirtiDgulMhc.^hree c laaaM, 

ja“r*MS 5 a 

*rv£2u 2MSSS •»“>■*>»>. - 

vmrtfoftil? direct. These are indicated by the symbol *{hkl). 

SL* Tnpetoidal hemihedrons, hemibolohednd like thoee juat mentioned, 
hot wtSSyidternate. They have the symbol * [i hkl ]• 



w 
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Mathematical Relation* of the Tetragonal System. 

(1) The distances of the pole of any plane ¥{hkX) from the pinacoid planes 100 (= PA), 01C 
s= PB), 001 (= PC) are given by the following equations: 


cos * PA = 7 =-= — ; cos’ PB — , — jr ~ 0 ; cos* PC = — 14 

A V + AV* + Pa 1 1 A V + A 2 c 3 + Pa 8 * A V + k*e* + Pa* 

These may also be expressed in the form : 


tan 8 PA - 


JW + Pa 8 
he* 


tan 8 PB = 


AV + JV 
*V 5 


tan 8 PC = 


A 8 e 8 + A 2 e 8 
Pa 8 * 


(8) Por the distance between the poles of any two planes (AA/) # {pqr) t we have in general : 


oos PQ = 


Ape 2 + kqc 9 + Ira* 

^[(h* + k-)c* + ?a' 1 ] [^Tg*)5 F +Fa*f - 


The above equations take a simpler form for special cases often occurring. 

(8) Plane* in the name zone . — For the general case of planes { hkl ) and {pqr) the re 
lation given in equation 4 (p. 446) is made use of. In the special coses, practically of the 
most importance, where the planes lie in n zone with a pinacoid plane, the simplified formula* 
are employed. 

For the octagonal prism this relation becomes : 


tan (100) (A A0) = cot (010) (A A0) = 


A 

V 


Determination of the axis c . — This follows from equation (1), p. 446, which, for this case 
beoomea : 


~ 008 PA = C08 PC, (a =r 1). 

For an octahedron (A0/) in the diametral series, we have : 

tan (A0f) (001) = y. 

For the unit octahedron (111), we have : 

tan (111) (001). cos 45° = A 


III. Hexagonal System. 

The IlexAgonal System and its hemihedral, or rhombohedral, division are both included by 
Miller in his Riiomiu>hedual System (see p. 462). All hexagonal and rhombohedral forms 
are referred by him to three equal axes, oblique to one another, and normal to the faces of 
the unit rhombohedron. This method has the great disadvantage of failing to exhibit the 
hexagonal symmetry existing in the hoi oh edral forms, Biuce in this way the similar planes of a 
hexagonal pyramid receive two different sets of symbols, having no apparent connection with 
each other. It, moreover, hides the relation between this system and the tetragonal system, 
which, optically, are identical, since they possess alike one axis of optical symmetry. 

The latter difficulty was avoided by Schrauf, who introduced the Ortuouexagonal Sys- 
tem. In this the optical axis was mode the crystallographies! vertical axis, and otherwise 
two lateral axes, at right angles to each other, were assumed, a and a i 3. This method, how- 
ever, does not overcome the other objection named above. 

In the method of Weiss and N&umann a vertical axis, coinciding with the optical axis, was 
adopted, and three lateral axes in a plane at right angles to it, they intersecting at angles of 
60% corresponding to the planes of symmetry in the holohedral forms (see p. 462). In this 
way only can the symmetry of the hexagonal forms be clearly brought out, and at the i 
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t^ the reJation between the hexagonal and tetragonal system* exhibited. Recently Groth 
(Tsch. Mm. Mitth., 1874, and l’hys. Kryst., 187tt, p. 2o2) ha* shown that the complete 
symbols of Weiss and Naumann could be translated into a reciprocal, integral form after 
the manner of Miller. The symbols then obtained, as was also shown, admit of a like eon* 
venient use in calculation. Essentially the same method was proposed in 1 Stitt by Itravais, 
and his suggestion is followed here; the more imi>ortant equations, expressing the relations 
between the poles of the planes, their indices, and the axes of the cnstul are also added. 
They are given somewhat in detail, since they are not included in any of the works on Miller's 
System before referred to. 

Ml hexagonal forms are referred to a vortical axis, /, and three equal lateral axes in a 
plane at right angles to it, intersecting at angles of tttt 
and 120° (f. 792). The general symbol fora plane in this 
system is {hkli), where it is always true that the ulge- ‘ 

braic sum of A, k, l is zero, that is, h *- Jc f l -- 0. The 
indices here are the reciprocals of those of Naumann, 
except that the index l lias the opposite sign, and tint 
order of two of the indices is inverted. According to 
him the general symbol of any plane is m n ( — mVtt), 
n 

or, in full,— a : a : na : me, Thus the piano 2 -? (21* j) 

has the full symbol, Jhi : a ; : 2.', or to correspond 

with the other symbols it must be written, 2;i : Jo : a : dr. 

The reciprocals of the latter indices are $ : f : 1 : or, 

reduced to integers (and changing the sign of l) (12111), 
which is the symbol according to the plan here fol- 
lowed. Similarly the plane (2242) gives, on taking the 
reciprocals, which is equivalent to 2</ : 2a 

: a : \e, or in Naunmnn’s abbreviated form * r 2 ( - *1*2). 

It is the great advantage of this method that it makes it possible to change the almost uni* 
versally adopted symbols of MVmm and 

Nnumann into a form which allow of all '192 

the readiness of calculation and the appli- 
cation to the spherical projection which 
are the characteristics of Miller’s System. 

In calculations, both by zone equations 
and other methods, only two of the indices 
A, k, or l of the form hfeii) need he 
employed, with the remaining index i (re- 
ferring to the vertical axis). This is ob- 
viously true, since the three indices named 
are connected by the equation h k + l 
~ 0. Disregarding, then, in calculation 
the third index l, as shown beyond, the 
planes are referred to two equal lateral 
axes, intersecting at an angle of 120 , 
and a third vertical axis 

The symbol [hkli] in its more gen- 
eral form embraces twenty- four plunes, 
as is evident from an inspection of the 
spherical projection, f. 792. Here A, k\ l 
are of equal value and mutually exchange- 
able, with the condition, however, that 
their algebraic sum shall always equal 
aero. Of the twenty-four planes of the 
dihexagonal pyramid, the following are those of the upper quadrant* mentioned in order 
from left to right around the circle (t 792). Those below have the same symbols, except that 
the index > in each case is minus ; 

{hkli) (JtUci) {Mi) Okhi) (Ihki OchU) 

{hkli) \ltiki) [kltd) (£C7ii, {UJci, \khlt) 

In this general form [hkli] the following special coses are possible, each one giving rise 
to an independent form or group of forms, as seen below : 
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1 

[AW] 

Bbayais-Mxllka. 

Naumakk.* 

n 

— - : na : a : mo 

1 


% 

\hhih2i\ : * = ».-. i = 2» 

2a :2a : a: me 

[to-2] 


[1122] 

A = * = l.\* = 2,» = 2 

2 a :2a : a: c 

[1-2] 

3. 

[OMi]- 

A = 0.\1 = A 

oo a : a : a : me 

[to] 

[0111] 

H 

Jl 

o 

II 

•*s 

II 

< 

oo a : a : a :e 

[1] 

4. 

[A<;20] ; 

i~ 0 

n 

— 7 a : na : a : coe 
71-1 

[i-n] 

5. 

[11501 ■ 

* = 0,A = jfc = l.\f = 2 

2a :2a a : oo c 

[t-2] 

0. 

[0110] 

i = 0, k = 0, A= 1 1 =1 

ooa : a : a : aoc 

[i] 

7 

[0001]: 

II 

fe- 

ll 

IT 

p 

oo a : ao a : oo a : e 

[01 


A. llolohedral Forms. 


The forms to which these symbols belong have been already mentioned on pp. 32-94. 
They may be briefly recapitulated here. They are taken in the reverse order from that given 
in the table. 

Basal rUanes .— Symbol (0001) and (0001). 

Prisms, ./u The unit prism (/j. General symbol [OHO], including (s e f. 791. 794) the 
aix planes with the following symbols: (0110;, (1100), (1010;, (0110u (U00), (1010). 


(b) The diagonal prism (»-2). General symbol [1120], including (f. 793, 795) the follow- 
gsixplanes: (1120), (1210), (2110), (1 120), (1210), (21 10). 

General symbol [///<;?()], embracing the following twelve 


mg 

(<J) The dihczagonul prism (»-/*), 
planes mentioned in order : 


(AA'?0), (W 0), (M 0), [M0\ (77*4*0), (MW), (Id 10), (hlk 0 ), (KM), (UdO), (VdO), (khlO). 
Hexagonal pyramids or Quartzoid*. (a) The pyramids of the first or unit series. General 
symbol [OAAiJ embracing twelve similar planes. All the pyramids of this series lie in a 
cone between the unit prism [01 1 0 J and the buse [0001], A special case of this is when 
A = k = » = 1. The planes of this form (f. 790) are shown on the projection, f. 793. 


794 


101 10] 


795 790 



797 



[hkii] 


(b) Pyramids of the second , or diagonal series. General symbol [AASASi], including twelve 
planes, analogous to those of the pyramid unit series. All the pyramids of this series lie in 
a sane between the diagonal prism, whose general symbol is [1120], and the basal plane 
[ 0001 ]. 

Twtit+mded pyramid* , or Berylbids (f. 797). — General symbol including the twenty- 

four planes enumerated on p. 453. 


^ * The order of the terms in the symbols below is made to correspond to th*t of the indices 
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B. IJemihedral Fornu. 

The most important of the hemihedral forms in this system are as follows i 

1. Pyramidal hemihedrism. — This comes under the head of holohewihodral forma, which 
are vertically direct ;see pp, 34, 35). It is indicated like 

the corresponding hemihedrism in the tetragonal system 798 800 

w[4Jt7i). It is common on apatite. 

2. RnoMBOHEDHAL hemihedrism. — These included 
here are hemiholohedral, and Tertically alternate. They 
are indicated in general by K[hkii\. This class is import- 
ant. since it embraces the Uhomiioiiedkai. Division. 

(a) Rfiombohedrons . Symbol *r[04/<»j ; the unit, or 

fundamental rhombohedron ( 4 -/ 2 , f, 798) has tho svmbol 
jc[0lil], including the six planes : ((Mil), ^t()ll), 

(1101), (1011), (1101), ,0111). The negative rhombohe- 
dron (— if, f. 799 includes the planes: (UOli, (0111), 

(1011), (Olil), (1011). (1101). 

(b) Scalenohedroit* ,f. 800:. Symbol «r|/il*V|. 

8. Gyuoidal, or trapezohedral hemihedrism -The 

forms here included are holohemihedral. and vertically 
alternate. They are indicated by k [hk/i\ . see p. 311. 

4. Tethatohediusm. — T his may be ( 1 ) rhomMcdral % 
indicated by K*\hk/i\ ; or (2; traptzohtdml (gyroidnl), as common on quart/., having the gen- 
eral symbol kk [hkli\. 


Mathematical Rtiatum* of the llerayonal System. 

In the Hexagonal System, as has been explained, the symbol in general has tho form 
[4A;//j. where the algebraic sum of 4, /. , and / is zero. This general symbol lias four in- 
dices, referring respect ivedy to the three espial lateral axes and the vertical x is, as shown 
in f. 792, thus showing the fundamental h*.raijomtl symmetry of the forms. Si ee, however, 
the (Misition of u plane is known by its inte.rseetion with three axes alone, tw» of the three 
indices 4, /*, l are all that are needed in calculation, the third, l, being a fum .mu, as given 
above, of 4 and4 The mathematical relations of the planes in this system are li 'ought out. by 
referring them to three axes, viz., two equal lateral iixch //, h \ a 1) ohli ne ,120 ami 
00 ) to one another, and a third axis of unequal length per|»endieiilar to thei plane. 

This applies also to the calculation by zonal equations Thu indices (u, v, w) of the zone 
in which the planes Jtkli, , {pgrt) lie, are given by the scheme : 

h k i h k 



p q t p g 

n = kt — gi v = ip — hi w hg — kp. 

(1) The distances (see f. 793) of the pole of any piano (hkli) from the pole« of the planet 
( 1010 ), ( 0110 ), ( 1100 ), and ( 0001 ) are given by the following equations: 

,\(2 h 4 - 4 ) 

cos PA = ooa mi) (1010) = a*/ 

oos PB = oos (hkli) (01 10) = ^ -^TM) 

oos PM = oos (hkli) (1100)= ^ 3 ^ + r 4 ;., (A . + # — ftf 

i-J 8 

•/at* + w * e *• a*)* 



ooa PC = oos (hkli) (0001) = 
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(2) The dist&noe (PQ) between the poles of any two planes and (pqrt) is given by th« 
equation: 

8 it 4- 2 ?{liq + pk + 2hp + 2kg) 

V l#P + 4e\K‘ + k' + hk)\ [8f + 4c-(p ! ‘ + }* + pg)Y 


oos PQ = 


(8) For special cases the above formula becomes simplified ; it serves to give the value ol 
the normal angles for the severul forms in the system. They are as follows : 

(a) Hexagonal Pyramid [OAAt], f. 700, 


cos X (terminal) = 


3^ 4- 2AV* . 

3 1* 4- 4 tic* ; 


cos Z (basal) = 


W? - 3 »* 
8 i* 4 - 4 hH r 


For the hexagonal pyramids of thie second series [0 l&J&i] the angles have the same value. 
(b) Dihexagonal Pyramid [AAA* ] , 


cos X (see f. 797) 


81 * 4 - 2c?{h % + A 3 4-4AA) 
8P+4c*(A'-i-V+ AA)* 


oos Y (see f. 797) 
oos Z (basal) 


8i 5 4- 2r*[2k? - 4 - 2 hk - A 9 ) 
3i* 4- 4e‘(A*~ + A 9 4- AA) ’ 

4/*(A* 4- * 2 4-_AA)j- S i* 

3^4-'^(A 9 VA* 4-AAV 


(0) Dihexagonal Prism [AA70J , 


cos X (axial) 


- A* 4- A 9 4- 4A A 
~~ 2(/i J 4- A' 4- AA) * 


cos Y (diagonal) = 
((f) Rhombohedron k[0AAi], 

cos X (terminal) = 


2k- 4- %hk - A* 
2(A 9 4- A*’ 4- AA)* 

3f J - 2AV* 

3** 4-' 4S f A 9 * 


(e) Soalenohedron «t[AA7i], 


cos X (see f. 800) — 


3 1 ! 
3r 


4- 2/(2A* 
4* 4 ‘(A 9 


t* 2AA — A ; ) 
t A* 4- AA) 


cos Y (see f. 800; — 


8f* - 4 - 2< -[2k* 4 - 2AA - h-) 
W 4- * ■{/? -i- A*’ 4- AA) * 


cos Z (basal) 


24'(A- 4- A ; 4 - 4AA) - 3t 9 
3t J + 4c -\A* 4 A- + AA/ 


(4) Relations of planes in a zone. — The gcueral equation (3, p. 446) is to be employed. 
For the pyramidal zones passing through the pole \0001 ) it takes a simpler form, viz. : 


A __k __i tan PC 
p ~ g ~~ t * tan QC* 

If Q = (0111), then: 

tan_PC A 
tan QC ~ i * 

Determination of the axis c . — The value of c may be determined from any one of the 
equations which have beer, given. The following are simple oases : 


tan (AA 2h 2 i) (0001) = 


AJbo tan ((Mi) (0001) . sin 60° 


Y*. or tan (0111) (0001) . dn tO‘ = i. 
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IV. Orthorhombic System. 


The Orthorhombic System is characterized by three unequal rectangular axes, <*, h, «.• 
The indices A, k, l may be either plus or minus, in the general form [hki\, but they are not 
exchangeable, since they refer to axes of different lengths. This general symbol then embraces 
the following planes : 

m m (m m 

(hkl) (hkl) (W) (W) 

As different values are given to h t k t l y this general form becomes more or less specialised. 
The possible forms are as follows : 


( 

[hkl] ; 

h 

> 

k. 



d : ni : me 

Ml -ft] 

1. j 

khl] ; 

h 

> 

k. 



nil : h : me 

Ml -ft 

( 

hhf] ; 

h 

= 

k. 



d : l : me 

Ml]. 

2. | 

htil\ ; 

k 

= 

0. 



(l : x ft : me 

Ml-I ]. 

8. 

0 kl] ; 

h 

= 

0. 



oo d : l : me 

Ml 1]. 

( 

hki)] ; 

l 

— 

0, 

h 

> k. 

(1 : tJ> : x e 

4- ] 

>A0J; 

l 

= 

0, 

h 

> k. 

nd : l : x e 

i-ft]. 


110] ; 

h 


k 

— 

U 1=0. 

d : ft : xr 

[/]. 

5. 

[100] ; 

k 

— 

l 

~ 

0. 

d : x l : X' e 

['*-']• 

6. 

010] ; 

h 

= 

l 

- 

0. 

go d : l : <x c 

[«I. 

7. 

001] ; 

h 

— 

k 

— 

0. 

x d : x> b : e 

\f>]. 


These symbols liclong to the various distinct forms of lids system, as follows : 

Pinaeoid*. — (a) Basal plane. SymlK>l |001|, including the tw<> planes <001) and (OOl), (ft) 
Macropinncoid. Symbol [100], including tic* plane [1001, and | ItH> | opposite to it. (r) 
Brachyjnnacaid. Symbol [010], including the planes [010] and [OlO], . 

Priam*, — (a) Unit prism (/). Kymliol 110, including four plunes, (110), (110), (110), (110). 
(ft) Macrodiagonal and brucliy diagonal 

prisms, having respectively the symbols 801 

[AAOJ and [AA0], if h is greater than k. lot 


Thus the symbol i-$ corresponds to [210]* 
and to [120]. 

Dome*. — (a) Macrodingorml, or macro - 
dome *, having the syndxd [ftO/J ; and (ft) 
brachvdiagonal, or hrachydome*, with the 
sym!x>! [0 kl\. In euch ease the syintiol 
embraces four similar planes. 

Octahedron* or Pyramid *. — The sym- 
bol [ftft/J belongs to the eight planes of the 
unit pyramids, all lying in the zone be- 
tween the unit prism ( 1 10 1, and the base 
[001], If h ~ l the form is then [11 1 1, 
and the eight planes are: (111), (111), 

(iiu din. (ill), dil). din, dll). 

Of the general pvramids two eases are 
possible, either [hfcl] or [kht], when h > fr t 
these correspond respectively to the 
, prisms JAAO] and [ArftOJ. They are the 
macrodiagonal and brachvdiagonal pyra- 
mids of Naumann ; thus 2-2 ( ~ d : 2ft : 2r) 




too 


is [211], according to Miller, and 2-2 ( = 2d ; 5 : 2c) is [121], 


1 


* The same lettering is employed here as in the early part of this work ; it differs from 
that of Miller in that with him a is the maerodiagonttl, and ft the hr achy diagonal axis. 
Following Groth, and later writers (Bauerman, etc.), the macro pi naeoid has the symbol 
(100b and the braehyninacoid the symbol (010) ; similarly the macrodowes are in geooral 
(VRg r<od the brachyaomes (tiki). 
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For the figures of the above-mentioned forms see pp. 42-44. Their relations will be under- 
stood from an examination of f. 801, showing the projection of the crystals in f. 758, p. 444. 
It will be seem that all the inaerodiagonal planes lie between the zonal circles (diameters) 
(110) (001), and (100) (001), and the braehydiagonal planes between (1J0)(001) and (010)(001). 


Mathematical Relations of the Orthorhombic System . 


(1) For the distance between the {>ole of any plane P {hkl) and the pinacoid planes we 
have in general : 


cos a PA = cos’ (hkl) (100) = 


hWc* 


h h l c l 4- -t- Pa?b* 


cos* PB — cos’ (hkl) (010) 


_ 

h i b I c i 4 - Ar'aV* 4- Pa*V 


cos’ PC = cos’ {hkl) (001) = r , 


PaW 


h‘W 4 - AsW 4- l : a J b* * 

(2) For the distance (PQ) lK*tween the polos of any two planes (hkl) and ( pqr ) : 

_ r , hpb*r* 4 - kqa 'c’ 1 -f lra*b* 

cos PQ = - 1 __ : 

p[/PftV + k‘d J r u + l a‘b J \ [y/'ftV 4- qUrc* + rVft'J 

(8) For planes lying in a zone, the general relation (n. 440) is to l>e emrdoyed. For the 
special cases, practically of most importance, the simplified equations whicli follow are used. 


. . , r mp>r 

(4) To determine the lengths of the axes, the general equation may be employed : 

? cos I>A \ cos* PH — ■; cos PC. 
h k l 

Here PA, PB, PC are the distances from the pile of any plane {hkl) to the pinacoid planes 
(100), (010), (001) resp'ctivelv. The braehydiagonal axis, d, is made the unit. 

If the angle Mween any dome or prism and the adjoining pinacoid plane is given, the 
relations follow immediately : 


tan PA — tan (h AD) (100) — - 
tan PB - tan (Okl) (010) = 
tan PC = tan (hOl) (001) = 


dk 

bh 

It 

ck 

ch 

di 


V. Uoxoclinig System. 


in the Monoblinio System there ore three unequal axes, and one of these mokes an oblique 
angle with a second. The axes are lettered as shown in f. 802, 
gQ 2 /■ is vertical, ft the orthodiagonal axis, and d the clinodiagonal 

axis oblique to r, but at right angles to ft. The symbol [hkt] 
embraces only four similar planes in the most general case, for 
in consequence of the obliquity of one of the axes, the quadrants 
above in front correspond alone to those below and behind, and 
those above behind correspond to those below in front. This it 

, seen clearly in the projection of f. 803. For 4 - A, ±k t ±1 Ike 

symbol [Md\ includes two distinct forms, vis. : 

(1) {hid) {hit) (Md) {hi?) 

and (2) {hid) {hit} (AJfc?) {hid, 

The various forma are as follows: 


y\ 
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Prisms. — (a) Unit prism [1101* — d : b : <x>c (I) of Naumann. This symbol embrace* four 
similar prismatic planes, (b) Orthodiagonal prisms (AA01, whero h > k , the poles of these 
prisms fall on the prismatic zonal circle between 100 and 110 (see f. 80d). They correspond 
to the prisms i-n ( = d : nb : oo /•) of Naumann. (r.) Clinodiugonul prisms Symbol [X7i0] t 
h > k % lying between (110) and 0)10). They correspond to i-» { - nd : b : x» ) of Naumann. 

Domes. — (a) Hemi -orthodomes, including two cases, (101) and (101), the minus domes of 
Naumann (opposite the obtuse angle) ; and also (101) and (101 ), the plus domes of Naumann 
(opposite the acute angle 0). (b) Ulinodoines. Symbol [0X7] , embracing four similar planes 

(0X7) (0X7), (0 kl) 9 (Qkl). The cliuodome [Oil], equivalent to 1-i ( : b : m') t is one case 

in this form. 

Pyramids. —The pyramids are all hemi -pyramids, (a) The symbol (/////) includes t ho unit 
pyramids in a zone between [110) and [001 ]. (b) The symbol [hkt\ includes two sets of horai* 

pyramids, w r hose indices have been given on p. 410, corresponding respectively to -P and 
rP of Naumann. 

If h is greater than k these are orthodiagonal pyramids, corresponding to f (d : i ib : x> r) of 
Naumann. The symbol [X77J on the same supposition includes two sets of planes, like those 
of p. 45S, and differing only in being clirvxliagoiial ; equivalent to (nd : b : x r. of Naumann. 

The orthodiagonal planes lie between the zone (100), ((Kit) arid (110), ((Kll), while thociino- 
diagonal are between the latter zone and (010) (001), as is seen on f. 80!), which gives the 
projection for t 804. 


Mathematical Relations far the MonsxsHnic Sgntem. 

(1) The distances of the pole of any plane (hkl) from the pinacoid planes are given by the 
following equations : 

Jibe ■+• lab cos $ 

ooa PA = co* (Ait) (100) = 0 ’ 

kac sinfl 

coe PB = coe QJi) ( ) + k , a?c , „ ia , ^ + p a , b , + oo* 0 ! 


cos PC = cos (hkl) (001' — 


bib + hbc cos B __ 

y/h'b-# 4- kfa'c* cos* * 


4fl0 
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(2) The distance between any two planes may be expressed in general form, but in all 
practically arising cases the end can be attained by the eolation of one or more spherical tri- 
angles on the projection. 

(8) For the relation between the planeB in a zone the general equation before given holds 
good : 


cot PS - cot PR _ (PQ) . (SR) 
cot PQ - cot PR - (Qtt) . (PS/ 

(4) For all zones passing through the clinopinacoid (010), the value of PR may be taken as 
20% and the above equation consequently simplified : 

h__k_ tan PS _ £ 
p g tan QB “ r 

This equation is especially valuable for determining the indices of planes in the prismatio 
and clinodome series. 

(f>) To determine the axial relations the general equation admits of being transformed so aa 
to read : 


h 

sin PYA p 

Bin QYA 

a 

l # 

sin PYC “ T # 

sin QYC “ 

c 

k 

sin PYA __ g 

Bin QYA 

b 

l * 

"cot PY ~ 7 * 

Tot QY* “ 

c ' 


The angles PYA, PYC are angles which may be calculated directly by spherical triangles 
from the measured angles. Similarly for QYA, QYC. PY and QY are the angles between 
the given pluue P or Q with the clinopinacoid. 


VI. Tbiclruc System. 

In the Triclinic System, since the axes are unequal and all mutually oblique, there can be 
no plane* of symmetry, and there cun in no case be more than two planes included in a single 
form. The three axes are distinguished oh a vertical, a longer lateral, or macrodiagonal 
axis, l f and a shorter lateral, or brachydiagonal axis, d. The position assumed for the axes 
is shown in f. 25U, p. HO. 

The general symbol [AM], which includes eight similar planes in the orthorhombic system, 
is hero resolved into four independent forms, embracing two opposite planes only. They 
are thuH : 

<i\ (hkl) /o\ (hkl) /qv (hkl) (hkl) 

(1) (W) (2) <m (3) (m (4) (hid) 

These correspond respectively to mV n (1), m Vn (2), wiP,« f3\ m,Vn (4) of Xaumann, 01 
— , — m /<, ?n-n' 9 m-n , as the abbreviated symbols are WTitten in the earlier part of this 

work. 

Contrary to the usage in the orthorhombic system, it is customary to make f 1001 the 
macropinacoid (i-i = d : col : x>c), and [010] the brachypinacoid (*-i = aod : b : oc<r. Planes 
having the symbol | AOf] are then macrodo;:ies ; and those of the symbol (0AJJ are brachy- 
domes. Similarly then pyramids (A > k) of the form are macrodiagonal planes, and 
those of the form {hkl) are brachydiagonal planes. The unit prism consists of two independent 
forms (110), (110) (I =odP, ), and (110;, (110) (I =oo ,P). 


Mathematical Relation* of the Trielinic System, 

In oousequence of the obliquity of the axes in the Triclinic System the mathematical rela* 
tions are less simple, and the geueral equations deduced as before become so complicated as 
to be seldom of much practical value. Host problems which arise may be solved by the zonal 
relations, or by the solution of tbe spherical triangles in the projection. Some of the moat 
important relations (given by Schrauf) are as follows; 
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If the angle between the axes X and Z = ip between X and Y - f, and between Y and 2 
= ( (see f. 757) ; if also a, p, y are the corresponding angles between the pinaooid planes— 
then • 

cos $ cos y — cos a cos y cos a — cos 8 cos 8 cos a — cos *> 

* sin p sin y sin y hiu a • sin a sin P 

, jot /<WA ‘ JVM A, 

and cos* PX = — — . cos* P\ = — - — . cos* PZ r= — • — 

-01 > Mi Mi 

where Ai = [1 4- 2 cos a cos P cos y — (cos* a 4* cos* p 4* oos* y»]. 

Mi = h-b'G* sin* a 4- k' : a 'c- sin* P 4- Vn *b' sin* 7 4 2 *thc ( hlb cos p sin a sin 7 
4- hkc cos 7 sin a Bin p 4 kin cos a sin p sin 7 ). 


oos* AX = —~z — ; cos BY 
sin* a * 


A,_ 
sin '*’ p * 


When PX, PY, PZ have been found by calculation, then the following equation gives tht 
relation of the axes : 

- 5 - cos PX = . cos PY -f- cos PZ. 


As seen in f . 805. 

cos PX = sin PBC sin PB — sin PCB sin PC ; 
oos PY = sin PCA sin PC — sin PAC sin PA ; 
oos PZ = sin PAB Bin PA ~ sin PBA sin PB ; 
and also from these it follows that — 

— sin PAC = - 7 - sin PAB ; 
k l 


—■ sin PBA = ~ gin PBC ; 
l h 



~r sin PCB = — sin PCA. 
h h 


( ss 180° - CAB ; 


n = 180° - ABC ; 


C = m* - acb. 


Relations of tiik 8ix Crystalline Systems in Respect to Symmetry. 

From a careful study of the spherical projections for the successive systems a very clear 
idea may be obtained of the degree of symmetry which characterizes each. H is well under- 
stood that in the Isometric System there are nine planes of symmetry ; in the Tetragonal, 
fitt ; in 4 /he Hexagonal, sev en ; in the Orthorhombic, three ; and in the Monoclinic only one. 
These relations are shown on the projections by the symmetrical distribution of the poles about 
the respective great circles. These zone circles of symmetry are as follows : 

Isometric Syntem <f. 700) : 1 st. the three diametral zone s : 

1. (100), (010 , (iOOh 2. (100), (001), (100). 8. (010), (001), (010). 

Also the diagonal zones : 

4. (HO), (ooi), (no,,- 0. noo), (on), (loo). a (0i0), noi), (0i0). 

5. (HO), (ooi), (HO). 7. (loo), (oti>, cioo ; . u. (010), doi), oiO). 

Tetragonal System ( t . 790) : 

1 . ( 100 ), ( 010 ), ( 100 ). 2 . ( 100 ), ( 001 ), ( 100 ). 8 . ( 010 ), ( 001 ), ( 010 % 


2. (100), (001), (100). 


a (010), noi), (0i0). 

9. (010), (101), 010). 


8 . ( 010 ), ( 001 ), ( 010 % 


4. (110), (001), (110% 


( 110 ), ( 001 ), ( 1 10 ). 
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Hexagonal System (l 798) * 

1 . (1010), (0001), (1010). 2. (0110), (0001), (0110). 

4. (1150), (0001), (1120). 5. (1210), (0001), (1210). 

7. (1010), (0110), (1100). 

Orthorhombic System (t 801) : 

1. (100), (010), (TOO). 2. (100), (001), (100). 
MonocUnic System (t 804) : 

1 . ( 100 ), ( 001 ), ( 100 ). 

In the Triclinic System there is no plane of symmetry. 


8 . (1100), (000)), (1100). 
6 . (5110), (0001), (2110). 


8 . ( 010 ), ( 001 ), ( 010 ). 


The Ehombohkdral Division of Miller. 


The following projection (f. 806) is added in order to show the relation of the forms in the 

Hexagonal and Rhombohedral Systems as 
806 referred to the three equal oblique axes of 

Miller. The forms are as follows : 

The planes having the indices (100), 
(010), (001) are those of the (plus) funda- 
mental rhombohedron, while the plane 
(111) is the base. The planes (221), (121h 
(122) are those of the minus fundamental 
rhombohedron ; with the planes (100), 
(010), (001) they form the unit hexagonal 
pyramid. 

The hexagonal unit prism (/= [0110]) 
has the symbols : (211), (l5l), (112), (511), 
(121), (112). The second, or diagonal hexa- 
gonal prism (t-2 — [1120]) has the symbols : 
(101), (110), (0U\ (101), (110), (Oil). 

The dihexagonal pyramid embraces, 
like the simple hexagonal pyramid, two 
forms, [hkl\ and \tfg\ ; the symbol [hkl] 
hence belongs to the plus scalenohedron, 
and [rfg] to the minus. In this as in other 
cases it is true that : e = — h 4 - 2k + 21, 
f = 2h ~ k + 21, g =z 2 h 4-2 k-L 

The dihexagonal prism includes the six 
( , M ** m planes of the form [AA0], and the remain- 

ing six of the form [e/0]. 

Most of the problems arising under this system can be solved by the zone equations, of 
by the working out of the spherical triangles on the sphere of projection. 
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OH THE DRAWING OF FIGURES OF CRYSTALS. 


Ik the projection of crystals, the eye is supposed to be at an infinite distance, so that the 
rays of light fall from it on the crystal in parallel linos. The plane on which the crystal is 
projected is termed the plane of projection. This plane may bo at right angles to the ver- 
tical axis, may pass through the vortical axis, or may intersect it at an obligue angle. These 
different positions give rise, respectively, to the horizontal, vertical, nnd ohu^UK pro- 
jections. The rays of light may fall pcrpendirula rig on the plane of projection, nr may be 
obUqudy inclined to it ; in the former case the projection is termed ortiioo ha imik?, iri the 
second CLINoaHAPillc. In the horizontal position of the plane of projection, the projection 
is always orthographic. In the other positions, it may be either orthographic or clinogrnphio. 
It is generally preferable to employ the verticyil position and cUnogrupliio projection, and this 
method is elucidated in the following pages. 


Projection of tiie Axes. 

The projection of the axes of a crystal is the first step preliminary to the projection of the 
form of the crystal itself. The projection of the axe* in the isometric system, which are 
equal and intersect at right angles, is here first given. The projection of the axes in the other 
systems, with the exception of the hexagonal, may be obtained by varying the lengths of the 
projected isometric axes, and also, when oblique, their inclinations, os shown beyond. 

Isometric System. — When the eye is directly in front of a face of a cube, neither the sides 
nor top of the crystal are visiblo, nor the plnnon that may be 
situated on the intermediate edges. On turning the crystal 
a few degrees from right to left, a side lateral plane is brought 
in view, and by elevating the eye slightly, the terminal plane 
becomes apparent. In the following demonstration, the 
angle of revolution is designated 5, and the angle of the ele- 
vation of the eye, t. Fig. 807 represents the normal position 
of the horizontal axes, supposing the eye to be in the direc- 
tion of the axis BB ; BB is seen as a mere point, while CC 
appears of its actual length. On revolving the whole through 
a number of degrees equal to BMB’ (9) the axes have the 
positkm exhibited in the dotted lines. The projection of the 
semiaxis MB is now lengthened to MX, and that of the semi- 
axis MO is shortened to MH. 

If the eye he elevated (at any angle, <), the lines B'N, BM, 
an d C fl will be projected respectively below X, M, and H, 
and the lengths of these projections (which we may designate ft'N, &M, and £ H) will be di- 
rectly proportional to the lengths of the lines B X, BM, and C'H. 

It is ostial to adopt such a revolution and such an elevation of the eye as may be expressed 
by & simple ratio between the projected axes The ratio between the two axes, MX : Mil, 
as projected after the revolution, is designated by 1 : r * and the ratio of 6'tf to MN by 1 : # 
Boppoee r to efnsl 3 and t to equal 2, then proceed ae follows ; 
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Draw two lines AA', H H (t 808), intersecting one another at right angles. Make MH » 

MH = b. Divide HH' into 3 (r) parts, and through the 
points, N, N', thus determined, draw perpendiculars to 
HH . On the left hand vertical, set off, below H', a 

part H'lt, equal to — £ = — HI; and from B draw RM, 
8 4 

and extend the same to the vertical N’. B B is the pro- 
jection of the front horizontal axis. 

Draw BS parallel with MH and connect SM. From 
the point T in which SM intersects BN, draw TC par- 
allel with Mil A line (CC') drawn from C through M, 
and extended to the left vertical, is the projection of the 
side horizontal ax s. 

Lay off on the right vertical, a part HQ equal tc 
~ MH, and make MA = MA' = MQ ; AA' is the vertical 

o 

axis. If. as here, r = 3, and * = 2, then 8 = 18* 20', 
and € = 9* 28', for cot J = r, and cot « — rs. 

Tetragonal and Orthorhombic System *. — The axes AA , CC , BB, constructed in the manner 
described, are equal and at right angles to each other. The projection of the axes of a tetra- 
gonal crystal is obtained by simply laying off, with a scale of proportional parts, on MA and 
MA' taken os units, the value of the vertical axis (/•) for the given species. Thus for zircon, 
where c = *04, we must lay off '64 of MA above M and the same length below. 

For on orthorhombic crystal, where the three axes are unequal, the length of c must as 
before be laid off above and below from M, and thut of b to the right and left of M, on CC', 
110 being token ns the unit. It is usual to make the front axis MB =: u = 1. 

Monociinic System . — The axes c and d in the in onoclinic system are inclined to one another 

at an obliqe angle = 0. To project this inclination, and 
thus adapt the isometric axes to a monociinic form, lay 
off (f. N09) on the axis MA, Ma — MA cos &, and on the 
axiN BB (before or behind M, according os the inclination 
of u on in front, is acute or obtuse) M/> =- MB x sin 0. 
From the jaiints h and //, draw lines parallel resjvectively 
with the axes A A and BB , and from their intersection 
1) . draw through M, D'D, making ML) ^ Ml) . The line 
DD is the clinodiagonal, and the lines AA, C C, DD re- 
present the axes m a monociinic solid in which a = b = c 
zz 1. The points a and b and the position of the axis 
I)D will vary with the angle 0. The relative values of 
the uxes may be given them as above explained ; that ifl, 
if d = 1, lay off in the direction of MA and MA' a line 
equal to /*, and in the direction of MC find MC a line 
equal to by etc. 

7'ricliuic System , — The vertical sections through the 
horizontal axes in the triclinic system ore obliquely in- 
clined ; also the inclination of the axis a to each axis b 
In the adaptation of the isometric axes to the triclinic forms, it is there- 
fore necessary, in the first place, to give the requisite 
obliquity to the mutual inclination of the vertical sec- 
tions, and afterwards to adapt the horizontal axea. The 
inclination of these sections we may designate A, and as 
heretofore, the angle between a and 6 , 7 , and a and c, 0. 
BB' is the analogue of tbe brachydiagonal, and CC of the 
macrodiagonal. An oblique inclination may be given the 
vertical sections, by vary ing the position of either of 
these sections. Permitting the brachydiagonal section 
ABA B to remain unaltered, we may vary the other sec- 
tion as follows : 

Lay off (f. 810) on MB, 9 IA= MB x cos A, and on the 
axis C C (to the right or left of M, according as the 
acute angle A is to the right or left). Me = MC x sin A ; 
completing the parallelogram Mb Dc, and drawing the 
diagonal MD, extending the same to D' so as to make 
MD MD, we obtain the line DD' , the gertioal section 
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patfing through this line iB the oorrect macrodiagonal section. The inclination of a to the 
new maorodiagonal DD' is still a right angle ; as also the inclination of a to b % their oblique 
inclinations may be given them as follows : Lay otf on MA (f 810), M<i ^ MA x cos 0, and 
on the axis BB (brachy di agon al ) , M£ MB' x sin 0. By completing the parallelogram Mo. 
E b % the point E is determined. Make ME — ME; EK is the projected brachx diagonal. 
Again lay off on MA, M/*'= MA x cos «. and on Ml) , to the left. Mrf MD xsino. Draw 
lilies from a and d parallel to MD and MA j F , the intersection of these lines, is one extremity 
of the macrodiagonal; and the line F F. in which MF MF. is the muerodi agonal. The 
vertical axis A A and the horizontal axes EE (braehyd ingonal) and FK (mncrodingonal) thus 
obtained, are the axes in a triclinic form, in which a b - c . 1. Different values may bo 
given these axes, according to the method heretofore illustrated. 

Hexagonal System . — In this system there arc three equal horizontal axes, at right angles to 
the vertical axis. The normal position of the horizontal 
axes is represented in f. 811. The eye, plan'd in the 811 

line of the axis YY, observes two of the seiniaxes, MZ Y 

and MU, projected in the same straight line, while the — — ..Y 

third, MY, appears a mere point To give the nxos a S \ 

more eligible position for a representation of the various / N. 

planes on the solid, we revolve them from right to left t7 - \» 

through a certain number of degrees 5. and elevate the /^\ 

eye at an angle «. The dotted lines in the figure repre- / ,/ \ 

sent the axes in their new situation, resulting from a L, p' j 

revolution through a number of degrees equal to 8 - - ~r- jG 

YMY'. In this position the axis MY is projected upon iW Jr . / 

MP, MU upon MJS, and MZ on MU. D<s gnating the / 

intermediate axis I, that to the right II, that to the left 2\ 

III, if the revolution is such as to give the projections \ . / 

of I and II the ratio of 1 : 2, the relat ons of the three \ n \r' 

projections will be as follows : I : II : 111 I : 1} : .*1. 1 

Let us take r (~- PM : HM) equal to it, and * ( /#' P : * 

PM) equal to 2, these being the most convenient ratios for 

representing the hexagonal crystalline forms. The following will be the inode of construe 
tion : 

1. Draw the lines AA, HH (f. 812) at right angles with, and bisecting, each other. Let 
HM = b , or IIII — 2b Divide HU into six parts by vertical lines. These lines, including 
the left- and right-hand verticals, may bo numbered from one to six, «.h in the figure. Tn the 
first vertical, below H, lay off IIS =-. V>, and from S draw a line through M to the fourth 
vertical. Y'Y is the projection of the axis I. 

2. From Y draw a line to the sixth vertical and parallel with IIII. From T, the extremity 
of this line, draw a line to N in the second vertical. 

Then from the point U, in which TN intersects the 812 

fifth vertical, draw a line through M to tin; second A, 

vertical; UU is the projection of the axis II. 

8. From K, where TN intersects the third verti- 
cal, draw RZ to the first vertical parallel with HH. 

Then from Z draw a line through M to the sixth 
vertical ; this line ZZ' is the projection of the axis 

m. vk 41 M i l Y . v, 

4. For the vertical axis, lay off from N on the sec- TT [ .iv Ej — I 

ond vertical (f. 812) a line of any length, and con- 7. kr.i. 

struct npon this line an equilateral triangle ; one side | yyf" ~X~ 

(NQ; of this triangle will intersect the first vertical 
at a distance, HV, from H, corresponding to Z H in 
f. 811 ; for in the triangle NHV, the angle HNV is 
an angle of 80', and HN - fMH. MV is therefore 
the radius of the circle (f. 811). Hake therefore 
MA = MA'= MV ; A A is the vertical axis, and YY , 

UU , ZZ' are the projected horizontal axes. 

The vertical axis has been constructed equal to the horizontal axes. Its actual length in 
different hexagonal or rhombohedral forms may be laid off according to the method sufficiently 
explained. 

The projection of the isometric and hexagonal axes, having been once accurately made, and 
that on a conveniently large scale, may be kept on a piece of cardboard, and will then answer 
all subsequent requirements. Whenever needed for use, these axes may be transferred to a 
•beet of paper, and then adapted in length, or inclination, or both, to the case in hand. 

30 
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Simple farms.— When the axial cross has been constructed for the given species, the unit 

octahedron is obtained at once by joining the 
extremities of the axes, AA', BB , CC \ as in 
f. 813. Here as in all cases the lines which 
fall in front are drawn strongly, while those 
behind are Bimply dotted. 

For the diametral prisms draw through B, 
B', C, C', of the projected axes of any species, 
lines parallel to the axes BB', CC , until they 
meet; they make the parallelogram, abed, 
which is a transverse section of the prism, par- 
allel to the base. Through «, b , c, d draw 
lines parallel and equal to the vertical axis, 
making the parts above and below these points 
equal to the vertical semiaxis. Then, connect 
the extremities of these lines by lines parallel 
to ab , bc % cd % da, and the figure will be that of 
the diametral prism, corresponding to the axes 
projected. 

In the case of the isometric system this dia- 
metral prism is the cube, whose faces are represented by the letter II; in the tetragonal 
system it is the prism O , i-i ; in the orthorhombic, the prism 0 , t-i, %4 ; in the monoclinic, the 
prism 0, t-t. i-i ; in the triclinic, 0, i-i, i-i. 

The mnt vertical prism in the tetragonal, orthorhombic, and clinometnc systems may be 
projected by drawing lines parallel to the vertical axis AA through B, C, B , C , making the 
parts above and below these points equal to the vertical semiaxis ; and then connecting the 
extremities of these lines by lines parallel to BC, OB’, BC, OB. The plane BCB C is a 
transverse section of such a prism parallel to its base. It is the prism 0, /, in each of the 
systems excepting the triclinic, and in that 0, 1, 1' ; a square prism in the tetrago ml system ; 
a right rhombic in the orthorhombic; an oblique rfu/mbic in the monoclinic ; an oblique rhoro- 
boidal in the triclinic. 

Other simple forms under the different systems are constructed in essentially the same way. 
It is only necessary to lay down upon the axes each plane of the form, in lightly drawn lines, 




note the points where it intersects the adjoining planes, and draw these in mote strongly. 
When the process is complete the construction lines may be. erased. The process will be 
illustrated by f. 814 and f. 815. In the former case it is required to draw the trigonal trim 
tshedrou. whose symbol is 8 
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In f. 814 the three planes of the first octant are represented, they are 3 : 1 : 1, t : 3 : 1, 
and 1:1:2. It will be seen here, what is always true, that the two point* of intersection 
required to determine the line of intersection, tic in the ojriol jAincs, These lines of iutcrseo- 
tio»i ore represen ed by the dotted lines in f. 814. If the same process be performed for the 
other octants, the complete form, as in f. 810, will be obtained. 

Similarly in f. 8! 5, the octagonal pyramid 1-2 is constructed ; the figure shows the planes 
of one octant only, c : 2 a : a, and r : a : 2»r, and the dotted lino gives their liijc of intersec- 
tion. Garry out the same plane of construction in the other octants, and the torm of f. 817 
will result. 

• The construction of the various crystalline forms, by this method, especially those of the 
isometric system, will be found nn interesting and instructive process, and will lead to a clear 
understanding of the forms themselves and their relations to each other. Another and quicker, 
though more mechanical method ot constructing tin* isometric forms may also be given. 

Projection of Sini/tle Isometric Forum . — This method depends upon the principle that in th« 
different isometric forms the vertices of the solid angles are occupied by one or more of tliu 
interaxes p. 1(1). If, therefore, these points (the extremities of the mteraxes), ean he deter- 
mined in the several crystalline forms, it is only necessary to connect them in older to obtain 
the projection of the solid itself. 

As a preparation for the construction of figures of isometric crystals, it is desirable to have 
at hand the figure of a cube projected on a large scale, with its axes, and its tnyonnl (octahe- 
dral), and vhonihic (dodeenhed rnl) mteraxes. 

The values of the interax€*s t and t\ for a given fonn, are obtained by adding to their nor- 
mal length the values of £ and r respectively given by the following equations ; those of th« 
octahedron being taken us a unit : 

n) n ~ 1 

. r - 

nm -p (ni q n) n q 1 

The proportion to be added to the interaxes for some of the common forms is as follows; 

t r t r 

2 4 0 / 2 1 4 

% 4 0 i :i ( i 4 

2 - 2*4 

4-2 * 4 «-» .* 4 

To construct the form 4-2, the octahedron is first to lie projected, and its axes and inter- 
axes drawn. Then add to each half of each trigonal into rax is, five-sevenths of its length ; 
and to each half of each rhombic interaxis, one-tlnnl of its length. The exl lemities of the 
lines thus extended are situated in the vertices of the solid angles of the hexoetahedron 4-2, 
and by connecting them, the projection of this form is completed. 

In the inclined hnnihetfrol isometric forms (p. 20), the rhombic interaxes do not, terminate 
In the vertices of the solid angles, and may therefore be thrown out of view in the projection 
of these solids. The two halves of each trigonal interaxis terminate in tin* vertices of dis- 
similar angles, and are of unequal lengths. One is identical wiih the corresponding interaxis 
in the holohedral forms, and is called the hololicdral portion of the interaxis; f he other is the 
hemihedral portion. The length of the latter may he* determine.il by adding to the half of 
the octahedral interaxis that portion of the same indicated m the formula: 

2 rnn — ( m — n) 
mu -t- [in 7/ ) 


If the different halves of the trigonal interaxes be assumed at one time, a* the holohedral, 
and again as the hemihedral portion, the reverse forms (m n} and — u / may be projected. 


The following table contains the values cf the above fraction for several of the inclined 
hemihedral forms, and also the corresponding values for the holohedral portion of the inter- 

•ads: 


Hoi. intemx. licni. Intenuc. 


HoL Intcrax. Hem. inters*. 


(f- 76, p. 20) 


( 2 ) 

1 


(*J) 

"2 


<t 81) 


( 8 - 8 ) 

2 



1 

t 
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The parallel hemlhedrom (for example, the pentagonal dodecahedron, or hemi-tetrahexahe* 
dron) contain a solid angle, situated in a line between the extremities of each pair of semiaxes, 
which is called an an symmetrical solid angle. The vertices of these angles are at unequal 
distances from the two adjacent axes, and therefore are not in the line of the rhombic inter* 


[m-n] 


mulas 


2 


, may be found by the for- 


axes. The co ordinates of this solid angle for any form, as 
m(n — 1 ) , n[m — 1 ) 

* - — ~ ~ ana — . 

mn - 1 mn — 1 

and b (f. 81 8), in each of the axes may be determined : and if lines are drawn through a and 
b in each semiaxis parallel to the other axes, the intersections c c , of these lines will be the 


By means of these formulas, the situation of two points, a 


vertices of theunsymmetrical solid angles, those marked c of the form and those marked 
•' of the form — • 



The trigonal internxcH are of the same length as in the liolohedral forms. The values of 
these interaxes, and of the coordinates of the unsymmetrical solid angle for different parallel 
bemihedrons, are contained in the following table : 


Trigonal 

intrruxif. 


PH] 

2 


(f. 100, p. 23) 


i 


CoSrd. of the 
limy m. 8. A. 

» 9 


Trigonal 

inu-ruxiH. 


[*-11 


- (sim. f. 92) 


Cofird. of the 
unttym. B, A- 

* i 


[4-2] 

2 


♦ 


♦ 9 -*- 2 2 - (f. 98) 1*1 


Projection of a Khomlwhodron . — To construct n rhombohedron, lay off verticals through the 
extremities of the horizontal axes, and make the jrnrts both above and below these extremities 
equal to the third of the vertical semiaxis (f. 819). The points E, E, E, E, etc., are thus 
determined ; and if the extremities of the vertical axis be connected with the points E or E , 
rhombohedrons in different positions, mil, or -mil, will be constructed. 

jlS 'ealenoftedron , — The soalenohedron m H admits of a similar construction with the rhombohe 
dron wiR. The only variation required, is to multiply the vertical axis by the number of 
units in «, after the points E and E in the rhombohedron mR have been determined ; then 
connect the points E, or the points E , with one another and with the extremities of the ver- 
tical axis. 


2. Complex Forms . — When it is required to figure not only the plonee of one form, that 
is, those embraced in one symbol, but also those of a number modifying one another, a some- 
what different process is found desirable. It is possible indeed to construct a complex form 
in the way mentioned on p. 46C, each plane being laid off on the given axes, and its intersec- 
tion edges with adjoining planes determined by two points, always in the axial sections, which 
it has in common with each. In this way, however, the figure will soon liecome so complex 
as to be extremely perplexing, and thus lead to error and consequent loss of time. 

This difficulty is in part avoided by the use of one projection of the axes on a larger scale, 
upon which the directions of the intersection-lines axe determined, while a second smaller one, 
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placed below and parallel to it on the same sheet of paper, is nsed for the actual drawing of 
the crystal. In most cases, however, the crystal may be drawn as conveniently without the 
use of the second set of axes. The size of the figure may bo either that whioh is to be finally 
required, or, more advantageously, it maybe drawn two or throe times larger and then reduced 
by photography. This method is especially to be recommended when the figures arc finally 
to be engraved on wood, since from the enlarged drawing they may be photographed directly 
upon the wood of any required size, and thus a very high degree of accuracy attained. 

Application of QuenstedV h Projection. The process of determining ttie direction of thu 
intersection-edges is much simplified if the principles of Quenstedt's Projection (p. 55) are 
'made use of. In other words, the symbol of every piano is so transformed that for it the 
length of the vertical axis is unity . This extremity of the vertical axis is then one jwint of 
intersection for all planes whatsoever, and the second point will always lie in the horizontal 
plane, that of the lateral axes. The change in the symbol requires nothing but that the 
symbol, expressed in full, should be divided by the coefficient of the vertical axis. The direc- 
tion of each intersection-edge, when determined, is transferred to the figure in process of 
construction by means of a small triangle sliding against a ruler some 8 inches in length. It 
will be found in practice that, especially when this method is employed, it is not necessary 
to actually draw all the lines representing each plunc, but to note simply the required points 
of intersection. This method and its advantages (moo Klein, Kinleitung in die Krystal lberech- 
nung, II., p. 887) will be made clear by an example. 

It is required to project a crystal of andalusito of prismatic habit, showing also the planes 
»-f, »-l, 1/, 1, 2-2, 1-i, and 0 . 

It is evident that an indefinite number of figures may be made, including the planes men- 
tioned, and yet of very different appearance according to the relative size of ouch. It. is 
usually desirable, however, to represent the actual appearance of the crystal in nature, only 
in ideal symmetry, lienee it is very important in all cast's to have a sketch of the crystal to 
be represented, showing the relative development of the different planes. If this sketch is 
made with a little care, so as to show also the parallelism of the intersection- edges in the 
occurring zones, it will give materml aid. The zones, it is to be noted, are a great help in 
drawing figures of crystals, and they should be carefully studied, since the common direction 
of the intersection-edge once determined for any two planes in it, will answer for all others. 


820 



The first step Is to take the projection of the isometric axe* already made once for all on 
a conveniently large scale, and which, as before suggested, is kept on a card of large size, 
and ready to be pierced through on to the paper employed. These axes, now of equal length, 
must be adapted to the specie* in hand. For ondalusite the axial ratio is h : h : d — 0‘7 1 2 : 
1*014 : 1 ; hence the vertical axis /; must have a length *71 of what it now has, and the lateral 
axis one 101 ; these required lengths are determined in a moment with a scale of equal parte 
The next step is to draw the predominating form, the prism /. Obviously its intersection* 
edges are parallel to the vertical axis, and its basal edges, intersecting 0, are parallel to /* f 
tq in the projection (f. 820). The plane* *-i, and « 2 are now to be added, whose intersections 
with each other and with 1 are parallel to c. The position of one edge, /r-2, having bees 
that of the other on the other tide is determined by the point where s line parallel to 
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the axis l meets the basal edge of the prifm Similarly the position of the same prismatic 
edges behind are given by the intersection of lines from front to rear parallel to the axis d. 

The prisms drawn, it remains to add the terminal planes, and as they thus modify one an- 
other's position, they are drawn together. The required intersection -lines are easily obtained. 
The macrodome 1-i is the plane passing through the point c and intersecting the horizontal 
plane in the line paq ; this line is obviously the direction of its intersection-edge with i-i and 
with 0. The prism t-2 appears (f. 820) as the two lines mm', nri ; the line mm produced 
beyond m meets pay at *, this will be one common point for the two planes Id and t-S; the 
second common point is, as always, the point c, hence the line joining these two points, trans- 
ferred to the crystal in the way described, gives the required intersection- edge for j-2 and 1-1. 
Similarly for i-'l on the right, the two points of intersection are c, and the point where n’n 
and qap, produced, meet, and this gives the second intfcrseefcion-edge. The planes 1-1 and 1 
(right) meet at d and e ; hence the line c<l gives the; direction of their in 4 ersection-edge, which 
is also the direction of that of 1-1 and 1 (left), and of 1 and 2-5, right and left on both sides. 
Still again, the plane 2-5 has the full symbol 2 : A : 2 7 , or c : : <i ; and hence intersects the 

horizontal plane (f. 820) in the lines an (right), nt (left), and a'q, ftp (behind). Hence the 

Intersection-edge of 7, 2-2, 1-1 has the direction of the line joining the points c, and s (right), 
and similarly to the left and behind. The intersection- edge of 2-5 front, and 2-5 behind, has 
the direction of the line joining the points c and x fright) and e and ?/ (left). 

The method of obtaining the intersection edges of the planes will be clear from this ex- 
ample. Practical facility in drawing figures by this or any other 
method is only to be obtained by practice. 

It will be found that at almost every step there is an opportunity 
to test the accuracy of the work —thus every point of intersection 
on the basal plane behind must lie on a line drawn from the cor- 
responding point in front on the basal plane, in the direction of the 
axis < 7 ; so. too, the point of intersection of 2-5 and 1 (front), 2-5 
and 7 (behind), on one side, must be in the line of the horizontal 
axis (/*) with that on the other side, and similarly in other cases. 

If it were required, as is generally necessary, to complete the 
form (f. 821) below, it is unnecessary to obtain any new intersec- 



tion lines, since every line above has its eorresponding line oppo- 
site and parallel to it below. Moreover, in an orthorhombic crys- 
tal every point above has a corresponding point below on a line 
parallel to the vertical axis. This, as above, will serve as a control 
of the accuracy of the work. 


There is another method of drawing complex crystalline forms 
which has many advantages and is sometimes to be preferred to 
any other; it can be explained in a very few words. After the 
axes have been obtained the diametral prism is constructed upon them. Ujam the solid 
angles of this each plane of tne required form is laid t>ff, the edges being taken instead of the 


822 


823 


824 



axe*. Suppose that f. 822 represents the diametral prism of an orthorhombic crystal. Here 
obviously the edge e = 2% 4 = 2A, 4 = 27. The plane 1 (< : : f> : d) may be laid off on it by 
taking from the angle a equal portions of the edges e, 4, 2, for instance, conveniently om 
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half of each, hence the plane appears aa mno. A gum the plane 2 (3* : b : u) la laid off by taking 
the unit lengths of the edges l (A), and & (<J) and twice the unit length of * (c), the plane it 
then mnb. Again, the plane 4-2 (4r : h : 27) takes the position np/>, since <t/> 2 ; , op 
and an = <1, the ratio of the edges (axes) being the same os in the symbol. So also the plane 
2*2 (2c : 2b : il) has the position rmo , since ao — r, am ~~ \ and or ~ ^7, hero. too* the 
ratio of the axes being preseived. By plotting the successive planes of the crystal in this 
way, each solid angle corresponding to an octant, the direction of the intersection-edges 
for the given form are at once obtained. For example, the intersection -edge for 1 , and the tmsal 
plane, as also for 1 and 2, it is the line mn ; for 1 and 4-2 it is the dotted lint' joining the common 
points and o ; for 1 and 2-2 it is the line mo ; for 2 and 4-2, also for 2 and 2-2, it is the line 
joining the common points 3a. 

The direction of the required intersection -edges being obtained in thin way, they are used 
to construct the crystal itself, being transferred to it in the usual way. In f. 82d they have 
been placed upon the diametral prism, and when this process has been completed for the 
other angles, and, too, the domes $ , <b , are added, the form m f. 824 results. 


On tiik Drawing op Twin Crystals. 

In order to project a compound or twinned crystal it is generally necessary to obtain first 
the axes of the second individual, or semi individual, in Urn position in which they are brought 
by the revolution of 180 . This is accomplished in the following manner. In 1 H2o a com- 
pound crystal of staurolite is represented, in which twinning has taken place (1) on un unih 
normal to $-1, and (2) on an axis normal to j-'j. The second, being the more general ease, is 
of the greater importance for the sake of example. In f. 82">, rr , bb\ aa' represent the rect- 
angular axes of staurolite (c — 1 *441, b - 2 112, d 1). The twinning plant) }-;j (jj« ; — 



has the position MNR. It is first necessary to construct a normal from the centre O to this 
plane. If perpendiculars be drawn from the centre O to the lines MN, NR* MR, they will meet 
them at the point* x. y, z, dividing each line into segments proportional to the squares of the 
adjacent axe* ;• or Na. : TAx ~ ON* : OM*. In this way the points x. y, z are fixed, and lines 


* This is true since the axial angles are right angles. In the Monoclinic System two of 
the wri*l intersections are perpendicular, and they are sufficient to allow of the determina- 
tion of the point T, as above. In the Triclinic System the method needs to be slightly 
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drawn from any two of them to the opposite angles^ R, N, or M will fix the point T. A line 
joining T and O is normal to the plane (MNR = $•£). Furthermore, it is obvious that if a 
revolution of 180* about TO take place, that every point in the plane MNR will remain 
equally distant from T. Thus, the point M will take the place ji(MT = Tm), the point b the 
place 0 ' (NT ~T 0 ), and so on. The lines joining these points /*, 0 \ x, and the common 
centre O will be the new axes corresponding to MO, NO, RO. In order 
to obtain the unit axes corresponding to <*, l, a it is merely necessary to 
draw through c a line parallel to MT/*, meeting pO at 7 , then 7 O 7 ' is the 
new vertical axis corresponding to cOc\ also 00 0 corresponds to bOb‘+ 
and aOa' corresponds to aOa. These three axes then are the axes for 
the second individual in its twinned position ; upon them, in the usual way, 
the new figure may be constructed and then transferred to its proper 
position with reference to the normal crystal. 

For the second method of twinning, when the axis is normal to |-f, the 
construction is more simple. It is obvious the axis is the line O#, and 
using this, os before, the new axes are found ; kOk corresponds to cOc' 
(sensibly coinciding with bb) % since — 134 21', and so on. 

In many cases the simplest method is to construct first the normal 
crystal, then draw through its oentre the twinning-pl&ne and the axis of 
revolution, and determine the angular points of the reversed crystal in 
the principle alluded to above: that by the revolution every point 
C&loite remains at the same distance from the axis, measured in a plane at right 

angle to the axis. 

Thus in f. 827 when the scalenohedrou has been drawm, since the t winning-plane is the 
basal plane, each angular point, by the re volution of 180 , obtains a position equidistant from 
this plane and directly below it. Jn this way each angular point is determined, and the < 
pound crystal is completed in a moment. 
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CATALOGUE OF AMERICAN LOCALITIES OF MINERALS. 

The following catalogue* may aid the ininrmlogicul tourist in selecting his Mutes anil 
arranging the p!an of his journeys. Only imj>ortant localities, which have a Horded cabinet 
Specimens, ure in general included; amt the name* of thane mineral* which have been 
obtained in yowl epee i men* are dintinguished by italic *, the addition of an exclamation 
mark (!), or of two (!!), indicate* the degree of excellence of the sjwcmiens. Many of the 
localities mentioned have lieen exhausted, others will now yield good specimens only when 
further explored with blasting, etc. In general, only those* of the localities mentioned can 
be relied upon as likely to reward the visitor liberally when* active work is Ining continually 
carried on. 


MAINE. 

Albany. — Beryl! green, and black tourmaline, fddejiar, rone quarts, rutile. 

Aroostook. — Red hematite. 

Auburn. — LepuUdite , , ambtygonite l/irbronite ), green tourmaline. 

Bath. — Vesuvianite, garnet . magnetite, graphite. 

Bethel. — Cinnamon garnet , ealcite, sphenn, beryl, pyroxene, hornblende, epidote, 
graphite, talc, pyrite, arsenopyrite, magnetite, wad. 

Binoiiam . — Mntmive ]>yrrte, galenite, blende, undalusite. 

Blue Hill Hay. - - Arsenical iron . mdybdetule ! galenite, apatite! Jluorite! black tourma- 
line (Long Cove/, black oxide of manganese Osgood's farm), rhodonite, l>og manganese, 
wolframite. 

Bowdojn . — Bone quartz . 

BowikiINHAm. — Beryl , molybdenite. 

Brunswick. — Green mica, gurntt! black tourmaline ! molybdenite, epidote, calcite , mus 
eoviU, feldsjrar , beryl. 

Buckkield.— Garnet (estates of Waterman and Lowe), iron ore, muscovite! tourmalins / 
magnetite. 

Camdage Farm — fNear the tide mills), molybdenite, wolframite 
Camden. — Made . galenite , epidote, black tourmaline, pyrite, talc, mugnetite. 

Carmel (Penobscot Co.;. - Stibnite, pyrite, inacle. 

Cor inn a. — Pyrite, arsenoftyrite. 

Deer Isle. — Serjrentine , terd- antique, asbestus, diallage, magnetite. 

Dexter. — Galenite, pyrite, blende, chalcopyrito, green talc. 

Dixfikld. — Native copperas, graphite. 

East Woodstock. — Muscovite. 

Farmington.— (N orton 1 ! ledge), pyrite , graphite, bog ore, garnet, staurolite. 

Freeport. — Bone quartz , garnet, feldspar, scapolite, graphite, muscovite . 

Frykburg. — Garnet, beryl. 

Geobgetown. — Parker 1 * island), beryl! black tourmaline. 

Greenwood. — G raphite, black manganese, beryl! arsenapyrite, csssiterite, mica, toss 
quarts, garnet, corundum, albite, xircon, molybdenite, magnetite, copperas. 


* The catalogue is essentially the same as that published in the Oth Edition of Dana 1 * Sys 
tem of Mineralogy, 18(18. The names of a considerable number of new localities have been 
added, however, which have been derived from various printed sources, and also from private 
contributions from Prof. G. J. Brush, Mr. G. W Hawes, Mr. J. Willcox, and other*, 

See further on pp. 503 to 508. 
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Hebron. — Oaseitente, arsenopyrite, idocrase, lepidoUte , amblygonite (hebron!te) % rubdUle ! 
indicolite, green tourmaline , mica , apatite, albite, childrenite, cookeUe. 

Jewell's Island.— P yrite. 

Kataudin Iron Works. - Bog-iron ore, pyrite, magnetite, quart*. 

Letter E, Oxford Co. — Staurolite, mode, copperas. 

LlNN m us. — H ematite, liraonite, pyrite , bog-iron ore. 

Litchfield. — Socialite, cancrinite , eladite , zircon, spodumene, muscovite, pyrrhotite. 
Lubec Lead Minks. -Galenite, citato gyy rite, blende. 

Macmahport. - Jasper. epidote, laumontitc. 

Madawaska Settlements. — Vivianitc. 

Minot .—Beryl smoky quartz. 

Monmouth.— A ctinolite, apatite, cl&dite, zircon , staurolite, plumose mica, beryl, rutile. 
Mt. Abraham. — Audalusite , staurolite. 

Norway. — Chiysoberyl ! molybdenite, beryl , rose quartz, ortliodase , cinnamon garnet. 
OlUt’s Island. — Steatite , gurnet andalnsitc. 

Oxford.— Garnet, beryl, apatite, wad, zircon, muscovite ortliodase. 

Paris. — Green! rail black , and blue tourmaline! mica! lepidoUte! feldspar, albite, quartz 
crystals! rose quartz , cassiteritc , amblygonite , zircon, brookite, beryl, smoky quartz, spodu* 
menu, cookrite , Jeuoopvrite. 

Parsonkfield. — Vesuvianite ! yellow garnet, pargasite, adularia, scapolite, galenite, blende, 
chaloopyrite. 

Per u —Crystallized pyrite. 

PilliTSimuu. — Yellow garnet f manganman garnet, vesuvianite, pargasite, axinite, laumon 
tile ! obabazite, an ore of cerium ? 

Poland. — Vesuvianite, smoky quartz, cinnamon gurnet. 

Portland. — Prchnite, actinoli*e, garnet, epidote, ame thyst, calcite. 

Po wn a L. — Black. tourmaline , feldspar, scapolite, pyrite. actinolite, apatite, rose quart*. 
Raymond.— Magnetite, scajmitte, pyroxene, hpidoUte, tremolite , hornblende, epidote, ortho- 
close, yellow garnet, pynte, vesuvianite. 

Rockland. — H ematite, tremolite, quartz . wad, talc. 

Rumfoud. — Yellow garnet, ccstr via nite, pyroxene, apatite, scapolite, graphite. 
Rutland.— AU nnite. 

Sandy River. — A uriferous sand. 

Sanford, York Co.— Vesuvianite ! albite, calcite, molybdenite, epidote, black tourmaline, 
labradorite. 

SeaKsmont. — Audalusite, tourmaline. 

Soutu Berwick. —M ade. 

Standisii. — ( Worn bite ! 

Streaked Mountain. — Beryl! bltck tourmaline , mica , garnet. 

Thom ahton. - - f 'ain't e, tremolite , hornblende , sphene, arsenical iron (Owl’s head), black 
manganese (Dodge's mountain), thomsonrte. talc, blende, pyrite, galenite. 

Topsiiam. — (Quartz, galenite, blende, tungstite ? beryl, apatite, molybdenite, columbite. 
Union. — M agnetite, bog-iron ore. 

Walks.— A xinite in boulder, alum, copperas. 

Watkrvii.le —Crystallized pynte. 

Windham (near the bridge). — Staurolite , tqmlumcne, gar rut , beryl, amethyst, cyaniU, 
tourmaline. • 

Winslow. — Cassiteritc. 

Winthroi* — Staurolite , pyrite, hornblende, garnet, copperas. 

Woodstock. — Graphite, hematite, prehnite, epidote, caldte. 

York. — Beryl, vivianitc,, oxide of manganese. 


NEW HAMPSHIRE. 

Acwobth .—Beiyl! ! mica! tourmaline , feldspar, albite, rose quart*, columbite ! cyanlte, 
autunite. 

Alstkad. — Mica / / albite, black tourmaline, molybdenite, andalusite, staurolite. 
Amherst, — Vesuvianite, yellow garnet , pargasite, calcite. amethyst, magnetite. 
Bartlett. — Magnetite, hematite, brown iron ore in large veins near Jackson (on 11 Bald 
face mountain ”), quartz crystals, smoky quartz. 

Bath. — Galenite, chaloopyrite. 

Bedford — Tremolite, epidote, graphite, mica, tourmaline, alum, quarts. 

Bellows Falls. — Cyanite, staurolite, wavellite. 

Bristol.— Graphite, 



AMERICAN LOCALITIES, 


475 


Campton. — Beryl! 

Cahaan.— G old in pyrites, garnet. 

Charleston . — Staurolite made, andalusite ribicle. bog-iron ore. prehnite, cyanite. 

Cornish.— Stibnite, tctrahedrite, rutile in quartz/ (rare), staurolite. 

C iioyden . — Iolite ! clialcopyrite, pvrifce. pyrrbotite, blonde. 

EXFIELD. — Gold, galenite, staurolite. green quart?.. 

FraNOESTON . — Sum put one, arsenopyrite, quart? crystals. 

Franconia — llornbknde, stiturohtr ! epobde ! zoisite, hematite, magnetite, black and red 
manqanman f/a rnets, arse nopy rite (dauadep chalcopyrito, molyUlonito, prohnito, green 
juartz, malachite, azurite. 

GiLFOKD (Gunstock Mt.). — Magnetic iron ore, native “ loadstone.” 

GOSHEN. — Graphite , black tourmaline. 

GlLMANTOWX. — Tremolite, epidote, muscovite, tourmaline, limonite, red and yellow 
quartz crystals. 

Grafton . — Mica / (extensively quarried at Glass Hill, 2 m S. of Orange Summit), albite 1 
blue, green, and yellow btryU! (1 m. S of O. Summit), tourmaline , yarmts, triphylitc, aj>a- 
tite, fluorite. 

Grantham,— Gray staurolite ! 

GROTON. — Arsenopyrite, blue lieryl, muscovite crystals. 

Hanover. — Garntt , a boulder of quirtz containing rutile! black tourmaline , quartz, cya* 
nits, labrmfarite, epidote. 

Haverhill. — Ganutf arsenopyrite , not ire arsenic , galenite, blende, pyrito, ohaloopy- 
rite, magnetite, marearite, steatite 

Him .SBoro' (Oampbel 's mountain) — Graphite. 

Hinsdale. — HhodumU, black oxide of mangnne.se, molybdenite, indicolito, black tour- 
maline. 

Jackson. — D rnsy quartz, tin ore, arsentya/rife, native arsenic, fluorite, apatite, magnetite 
molybdenite , wolframite, clialcopyrite, arsenate of iron. 

Jaffrey (Monadnock Mt ) - Cyanite , limonite. 

Keene. — Graphite , soapstone, milky quartz, rose quartz. 

Landaff. — Molybdenite . lead and iron ores. 

Lebanon. — Hoy-iron ore, arsenopyrite, galenite, magnetite, pyrito. 

Lisbon . —Staurolite, black and red yarmts, yrauular may net He, hornblende, epidote, zoidte^ 
hematite, arsenopyrite, galenite, gold, ankerite. 

Littleton — Ankerite, gold, bornite. chalcopyrito. malachite, meimeennite, chlorite. 

Lyman. — Gold, arsenopyrite, ankerite, dolomite, galenite, pyrito, copper, pyrrbotite. 

Lyme. — Cyanite (N. W. part), black tourmaline, rutile, pyrito, chalcopyrito (15. of 15. vil- 
lage), stibnite. molybdenite, cassiterite. 

Madison. — Galenite , blende , dial copy rite, limonite. 

Merrimack. — Untile! till gneiss nodules in granite vein). 

Middletown . — Hut He. 

Monadnock Mountain. — A ndalusite, hornblende, garnet, graphite, tourmaline, ortho- 
close. 

Moostla uk k Mt. — Tourmaline. 

MoULTONRoRoroii died Hill *. - Hornbcnde, bog ore, pyrito, tourmaline. 

Newington. — Garnet, tourmaline. 

New London. — B eryl, nudybdenitc, muscovite crystals. 

Newpori’ — Molybdenite 

Orange — Hint beryls! Orange Summit, chrysoberyi, mica IW. side of mountain), apatite, 
galenite, limonite. 

ORFORD . — Hrearn tourmaline (now obtained with difficulty), steatite, rutile , cyanite, brown 
iron ore. native copper, malachite, galenite, ganiet, graphite, molybdenite, pyrrbotite, mela- 
oonite, chalcocite, ripidoliU. 

Ym*UA\l.— Steatite. 

Piermont . — Micaceous iron , barite, green, white, and brown mica, apatite, titanic iron* 

Plymouth. — C olumbite, beryl. 

Richmond. — iolile! rutile, steatite, pyrite, anthophyllite, talc. 

Bye. — C hiastolite. 

Saddleback Mt. — B lack tourmaline, ganiet, spinel. 

SHELBURNE. — Galenite , black blende , ejmleopyrite , jq/rite , pyrolusite. 

Springfield. — Beryls (very large, eight inches diameter), manganedan gamtUl ble ak 
tourmaline ! in mica slate, albite, mica. 

Sullivan . — Tourmaline (black), in quartz, beryl. 

Surrey. — A methyst, calcite, galenite. limonite, tourmaline. 

Swanzky (near Keene j. — Magnetic iron (in m asset in granite). 
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Tam worth (near White Pond). — Galenite. 

Unity (eetate of James Neal ).—Copj>er and iron pyrites, ddorophyUite, green nUea, radi- 
ated aetinolite , garnet, titaniferous iron ore , magnetite , tourmaline. 

Walpole (near Bellows Falla).— -Made, Btaorolite, mica, graphite. 

Ware.— G raphite. 

War H K s. — Chaby /pyrite, blende , epidote , quartz, pyrite, tremoUte , galenite , rwftfo, fate, 
molybdenite, cinnamon stone ! pyroxene , hornblende, cyanite, tourmaline (massive). 

Watkkville — Labradorite, chrysolite. 

Westmoreland (south part ).— Molybdenite ! ajmtite! blue feldspar, bog manganese (nojrth 
village), quartz, jhwrite, chalcopyrite, oxide of molybdenum and uranium. 

White Mts. (Notch near the “Crawford House”).— Green octahedral fluorite, quarts 
crystals, black tourmaline, chiastolite, beryl, calcite, amethyst, ainazonstone. 

Wilmot.— Beryl 

Winchester.— P yrolusite, rhodochrosite, psiloraelane, magnetite, granular quartz, spodu- 
mene. 


VERMONT. 


Addison. — Iron sand , pyrite. 

Alburgii. — Q uartz crystals on calcite, pyrite. 

Athens. — Steatite , rhomb spar , aetinolite, garnet. 

Baltimore. — Serpentine , pyrite ! 

Barnet. — G raphite. 

Bklvideuk.— Steatite, chlorite. 

Bennington. — Pyrolusite, brown iron ore, pipe clay, yellow ochre. 

Berkshire. — Epulote, hematite, magnetite. 

Bethel. — Aetinolite J talc, chlorite, octahedral iron, rutile, brown spar in steatite, 
Brandon. — B raunite, pyrolusite, psilomdane, limonite, lignite, white clay, statuary 
marble ; fossil fruits in the lignite, graphite, chalcopyrite. 

Br ATTLEBOROUGH. — Rluck tourmaline in quartz, mica, zoisite, rutile, aetinolite, sea polite, 
spodtitnene. roofing slate. 

Bridgewater. — Tate, dolomite, magnetite , steatite, chlorite, gold, native copper, blende, 
galenite. blue spinel, chalcopyrite. 

Bristol. — Untile, limonite, manganese ores, magnetite. 

Brookfield. — Arsenopyrite, pyrite. 

Cabot.— Garnet, stnurolitc, hornblende, albile. 

Cahtleton. — Hoofing slate, jasper, manganese ores, chlorite. 

Cavendish. — G arnet, serpentine . tale, steatite, tourmaline, asbestus, tremoUte, 

Chester. — Asbestos, feldspar, chlorite, quartz. 

Chittenden. — P silomelane, pyrolusite, brown iron ore, hematite and magnetite , galenite, 
iolite. 

CoLen ESTER. — Brown iron ore, iron sand, jasper, alum. 

Corinth. — Chalcopyrite (has been mined), pyrrhotite, pyrite, rutile, quartz. 

Coventry. — R hodonite. 

Cuaktsbitry. — M ica in concentric balls, calcite, rutile. 

Derby. — M ica (adam*ite). 

Dummkrbton. — R utile, roofing slate. ♦ 

Fair Haven. — Hoofing slate, pyrite. 

Fletcher. — P yrite, magnetite, acicular tourmaline. 

Grafton. — T he steatite quarry referred to Grafton is properly in Athens ; quarts, acti* 
nolite. 

Guilford.— S capolite, rutile, roofing slate. 

Hartford. — C alcite, pyrite! cyanite in mica slate, quartz, tourmaline. 

Irasburgii. — R hodonite, ]mlomHanc. 

Jay. — Chromic iron, serpentine , amianthus, dolomite. 

Lowell. — P icrosmine, amianthus, serpentine, cerolite, talc, chlorite. 

Marlboro *. — Rhomb sp/ir, steatite, garnet, magnetite, chlorite. 

Men don. — M agnetic iron ore. 

Middlkbury. —Zircon. 

Middlesex.— R utile 1 (exhausted). 

Mon ETON. — Pyrolusite , brown iron ore, pipe clay, feldspar. 

Morftown. — Smoky quarts / steatite, talc, wad, rutile, serpentine. 

Morristown. —G alenite. 

Mount Holly.— Asbestus, chlorite. 

New Fanr .— Glassy and asbestiform aetinolite, steatite, green quarts (called chryaopntat 
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at the locality), chalcedony, drnsy quartz, garnet, chromic and titanic iron, rhomb mr. 
terpentine, rutile. 

Norwich. — Actinohte. feldspar , brown spar in tele, cyanite, zoisite, chaloopyrite, pyrite 
Pittsfoud . — Brown iron ore, manganese ores, 

PLYMOUTH. — Siderite, magnetite, hematite, gold, galenite. 

Plympton. — M assive hornblende. 

Putney.— F luorite, brown iron ore. rutile , and white, iu boulders, stau rolite. 

Reading. — Glassy aetinolite in talc. 

Reads boko '. — uhmy aetinolite ; steatite. hematite. 

Rifton . — Brown iron ore , augite in boulders, octahedral pyrite. 

Rochester. — R utile, hematite cryst. . magnetite in chlorite slate. 

Rockingham (Bellows Falls). — Cyanite, indieolite, feldspar, tourmaline, fluorite, cal cite, 
jrrehnite, staurolite. 

Roxbuky. — Dolomite , talc, serpentine, asl>estus, quartz. 

RUTLAND. —Magnesite, white marble, hematite, serpentine, pipe clay. 

Salisbury. — B rown iron ore. 

Sharon . — Quartz crystals, cyanite. 

Siioreham. — Pyrite, black marble, caleite. 

Shrewsbury. — M agnetite and chaloopyrite. 

St arksboro’.— Brown iron ore. 

Stirling. — C halcopyrite, talc, serfxmtine. 

STOCKBUIDGK — Arsenopvrite, magnetite. 

Strafford. — Magnetite and chatcopyrite (has been worked), native copper, hornblende, 
copperas. 

Thetford. — B lende, galenite, cyanite , chrysolite in basalt, pyrrhotite, fddsjuir , roofing 
slate \ steatite, garnet. 

Townsiiexd. — Aetinolite, black mica, talc, steatite, feldspar, 

Troy. — Magnetite , talc, serpentine, pirrosmiue, amianthus, steatite , one mile southeast of 
village of South Troy, on the farm of Mr. Pietce, cast side of Misstsco, chromite, wuatite. 
Vkrsiiirk. — Pyrite, chalcopyrite, tourmaline, nrsenopyritc, quartz, 

WaRDSHORo’.— Zoisite , tourmaline, trcnuMte , hematite. 

AVarhkn. — A etinolite, magnetite, wad, serpentine. 

Waterbury. — A rseuopyrite, chalcopyrite, rutile, quartz, »erj»eutine. 

WatKKVILLE — Steal it ( . aetinolite, talc. 

WEATHKUHFIKl.n. —Steatite, hcmat.it e.jyrife, trcmolite. 

Wells’ River. —Graphite. 

WESTFIELD. — Strati^, chromite, scipcntiiu*. 

Westminster. — Z oisite in boulders. 

Windham. — Glassy aetinolite, steatite , garni f , serpentine. 

Woodbury. — M assive pyrite. 

Woodstock. —Quartz crystals, garnet, zoisite. 


MASSACHUSETTS. 


ALFORD.— Galenite, pyrite. 

Atiiol. — ilia nite, tibrolite (?), epidote! babingtonito ? 

A UBU RN. — Mason ite. 

Bar re — Butile / mica, pyrite , beryl, feldspar, garnet. 

Great Barrington. — Tremolite. 

Bedford.— Garnet. 

BELcnE kton. — Allanite. 

Bernardston. — M agnetite. 

Beverly.— O olurabite, green feldspar, casaiterite. 

Blanford. — Serjwnline, nnthophylUte , aetinolite! chromite, cyanit", row quarts In 
boulders. 

Bolton . — Seapolite ! petaUte , sphene, pyroxene, nvttalite, tlinpeide, boitonite, apatite, mag- 
nesite, rhomb spar, allanite , yttrocerite! cerium ochre? (on the sc* polite), spinel. 

Box borough. — Srujtolilc, spinel, garnet , augite, aetinolite, apatite. 

Brighton. — A sbestus. 

Brimpield (road leading to Warren). — 1 elite, adularia, molybdenite, mica, garnet 
Carlisle. — Tourmaline, garnet! scapolite , aetinolite. 

Charlestown. —Pr eh nite, laumontile, stilbite, chabazite, quartz crystals, melanolite. 
Chelmsford.— Scapolite (cbelmafordite), ohondrodite , blue spind, amianthus / 

quart*. 
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Chester. — Hornblende , seapoUte , zoisite, epodnmme , indicolite, apatite, magnetite, clip©, 
mite, stilbite, heulandite, analcit? and chabazite. At the Emepr Mine, Cheater Factories. - 
Corundum, margarite , diaepore ; epidote, corundophiiite, chloritoid, tourmaline, menace a n- 
Ue ! rutile, biotite. indianite ? andesite ? cy unite, amesite. 

Chesterfield. — Blue , green, and red tourmaline , cleavdandite (albite), lepidolite, 
quartz, micrdite , sjiodumene, cyanite, apatite, row garnet, quartz crystals, staurolite 
eassiteritc, cUumbite, zoiaite, uranite, brookite (eumanite), scbeelite, anthophyllite, botnite 

Conway. — Pyrolusite, fluorite, zoisite, rutile! ! native alum, galenite. 

Cumminoton.-— Rhodonite! cummingtonite (hornblende), marcasite, garnet. 

Dedham.— A sbestns, galenite, 

Deerfield.— Chabazite, heulandite, stilbite, amethyst, carnelian, chalcedony, agate. 

Fitchburg (Pearl Hill). — Beryl , staurolite! gamete, molybdenite. 

Foxnononoii. — Pyrite , anthracite, 

Franklin.— A methyst. 

Oohiikn. — Mica, albite , spodvmene ! blue and green tourmaline, beryl, zoisite, smoky quarts, 
©oluinbite, tin ore, galcnite, beryl (goshenite), pihlite (cymatolite). 

Greenfield (in sandstone quarry, half mile east of village). — Allophane, white and 
greenish. 

Hatfield.— B arite, yellow quartz crystals, galenite, blende, chaleopyrite. 

Hawley . — Micaceous iron, massive pyrite, magnetite, zoisite. 

Heath.— Pyrite, z/nsite . 

Hinsdale. - Brown iron ore, apatite, zoisite. 

Huhba rdston . — Massive iryrite. 

Lancaster. — Cyanite, chiastolite! apatite, staurolite, piuite, andaJusite. 

Lee Tremolite! sphrnef (east part). 

Lenox. — B rown hematite, gibbnite(?) 

Lkvkkktt. — B arite, galenite, blende, chaleopyrite. 

Leyden. — Zoisite, rutile. 

Littlefield.— Spinel, scapolite, apatite. 

Lynn FIE I J). — Mngnesite on serpentine. 

Martha's Vineyard. — B rown iron ore, amber, selenite, radiated pyrite. 

Mkndon. — Mica! chlorite. 

Middi.EFJRLD. — Glassy nctinetitc, rhomb spar, steatite, serpentine , feldspar , drusy quarts, 
apatite, zoisite, nacrite, chalcedony, talc ! deweylite. 

Mimicry. — Vermiculite. 

Montague. - Hematite. 

Nkwhury. — Serpentine , chrysotile, ejndote , massive garnet, siderite. 

NkwburyporT. — Serj)entine, nemalite, uranite. — Argentiferous galenite, tetrahedrite, 
chaleopyrite, pyrargyrite, etc. 

New Braintree .— I Hack tourmaline . 

Norwich.— Apatite! black tourmaline, beryl, spodumene! tnphylite (altered), blende, 
quartz crystals, cassiterite 

Northfield. — Coin mbit e, fibrolite, cyanite. 

Palmer (Three Iiivers). — FeUltqtar, prelmite, calc spar. 

Pelham. — Asbestus , serpentine, quartz crystals, beryl, molybdenite, green hormtone, epidote, 
amethyst, corundum, vermiculite (pelhamite). 

Plainfield. — Cummingtonite, jtyrolutite, rhodonite. 

Richmond . — Brotcn iron ore , gibbsite! allophane . 

Rock pout. — Danalite , cryophyUite , annite , cyrtoUte (altered zircon), green and white ortho* 
dose. 

Rowe. — E pidote, talc. 

South Royalston. — Beryl! ! (now obtained with great difficulty), mica! ! feldspar i 
allanitc. Four miles beyond old loc. , on form of Solomon Hey wood, mica / beryl! jeldspart 
menaooanite. 

Bussed — Schiller spar (dialings ?), mica, serpentine, beryl, galenite, chaloopyrite. 

Salem. — I n a boulder, cancriuite, sodalite, elseolite. 

SAUGUS. — Porphyry, jasper. 

Sheffield. — Asbestus, pyrite, native alum, pyrolusite, rutile, 

Shelburne.— R utile. 

Shutesbury (east of Locke’s Pond). — Molybdenite . 

Southampton. — Galenite , oerussite, angleeite, wulf suite, fluorite, barite, pyrite, ohaloopy 
rite, blende, corneous lead, pyromorphite, stolrite, chryeocolla. 

STE&LIN g. —Spodumene, chiastolite, siderite, anenopyrite, blends, galenite, rhabimijiile 
pyrite, sterlingite (damourite). 

Storeham. — Nephrite. 
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&TURBRIDGB.— Graphite, garnet, apatite, bog ore. 

Swampscot.— Orttoto, feldspar. 

Taunton (one mile Routh).— Paracolumbite (titanic iron). 

Turner's Falls (Conn. River). — Chalcopyrite, prehnite, chlorite, ehlorox kcrite, siderito 
malachite, magnetic iron sand, anthracite. 

Tyring ham. —P yroxene, scapolite. 

Uxbridge. — Galenite. 

Warwick.— Mamie garnet, radiated black tourmaline , magnetite, beryl, epidote. 
Washington.— Graphite. 

• Westfield. — Schiller ,ymr (diallage). serpentine, steatite, cyanite, scapolite, actinolite. 
Westford — Andalmite / 

West Hampton. — G alenite, argentine , juteudomorphotts quartz , 

West Springfield. — Prehnite . ankerite, satin spar, celestito, bituminous coal. 

Webt Stockuridgk. — Hematite., fibrous pyrolustte, siderito. 

Wiiately . — Native copjier, galenite. 

Williamsburg. — Zomte , pseudomorphous quartz, apatite, rose and smoky quartz, galenite 
pyrolusite. chalcopyrite. 

Williamstown. — Vryst. quartz \ 

Windsor.— Zoisite, actinolite, i^itile ! 

Worcester.— A rsenopyri to, idocrase, pyroxene, garnet, amianthus, bucholxito, siderito, 
galenite. 

WoRTniNGTON. — Cyanite. 

Zoar. — Bitter spar, talc. 


ItHODK ISLAND. 


Bristol. — Amethyst . 

Coventry.— M ica, tourmaline. 

Cranston. -Actiuolite in talo, graphite, cyanite, mica, molantorito, bog iron. 
Cumberland. — Manganese, eftulote, actinolite, garnet, titaniferous iron, magnetite, red 
hematite, chalcopyrite, bornitc, malachite, azurite, calcite, apatite, feldspar, somite, mica, 
quartz crystals, ilvaite. 

Diamond Hill. — Q uartz crystals, hematite. 

Foster. — Cyanite, hematite. 

GLOUCESTER. —Magnetite in chlorite hlatc, feldspar. 

Johnston. — T alc, brown spar, calcite, garnet, epidote, pyrito, hematite, magnetite, chal* 
oopyrite, malachite, azurite. 

Lime Rock. — Calcite crystals, quartz pyrito. 

Lincoln. — Calcite dolomite. 

Natic— S ee Warwick. 

Newport. — Serjtentinc, quartz crystals. 

Portsmouth — Anthracite , graphite, asl>estus, pyrito, chalcopyrite. 

Smithfield. — Dolomite, calcite, bitter spar, side rite, nacrite, serfKmtine (bowemito), tremo* 
Ute, asbeBtus, quartz, magnetic iron in chlorite slate, tale! ootohedrite, feldspar, beryl. 
Valley Falls.— G raphite, pyrifce, hematite. 

Warwick (Natic village;. — Masonite , garnet, graphite, bog iron ore. 

Westerly.— M enaccanite. 

Woonsocket. — Cyanite. 


CONNECTICUT. 

Berlin. — Barite, datolite, blende, quartz crystals. 

Bolton. — Staurolifce. chalcopyrite. 

Bradleyvillk ( Litchfield ) . — Lauinon ti te . 

Bristol. — ChnlcocUcf chalcopyrite , barite, bornitc , talc, aUophane, pyroraorphite, calotte, 
malachite, galenite. quartz. 

Brookfield.— Galenite, calamine, blende , spodumene, pyrrbotite. 

Canaan. — Tremotite and white augitef in dolomite, conaanite (massive pyroxene). 

Chatham. — Arsenopyrite, smaltite, chloantbite (ehathamite), acorodite, niooolite, beryl 
oythrite. 

Cheshire. — Ha rite, chakocile , bornitc crysU , malachite , kaolin, natreiite, prehnita, ehab* 
kite, datolite. 

Chester . — SUlimamte / zircon, epidote. 
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Cornwall. — Graphite , pyroxene, acUnoUte , sphene, scapolite. 

Danbury. — Danburite, oligoelase , moonstone, brown tourmaline, orthodase, pyroxene, 
parathorite. 

Farmington. — Prehnite, chabazite , agate, native copper ; in trap, diabantite . 

Granby.— G reen malachite. 

Greenwich. — Black tourmaline. 

Haddam . — (Jhrysoberyl / beryl ! epidote! tovrmaline! feldspar, garnet! Mite! oligodUm, 
thlorojthyllitc ! automoUte , magnetite, adularia , apatite, columbite ! (hermannolite), ziroon 
(calyptolite), mica , pyrite, marcasite, molybdenite , allanite, bismuth, bismuth ochre, bismu- 
tite. 

Hadlyme. — C habazite and stilbite in gneiss, with epidote and garnet. 

Hartford. — Datolite (Rocky Hill quarry). 

Kent. — Brown iron ore, pyrolusite, oehrey iron ore. 

Litchfield. — Cyanite with corundum, apatite, and andalusite, menaeeanite (Washington.' 
He), chalcopyrite, diaspora, niccoliferous pyrrhotite, margarodite. 

Lyme.— G arnet, sunstone. 

Meriden.— D atolite. 

Midplicfikld Falls. — Datolite, chlorite, etc., in amygdaloid. 

Middletown. — Mica, lejridulite with green and red tourmaline, albite, feldspar, columbite / 
prehnite , garnet (sometimes octahedral), beryl, topaz, uranite, apatite, pitchblende ; at lead 
mine. gatenile, chalcopyrite, blende, quartz, calcite, fluorite, pyrite, sometimes capillary. 

Milford. — S ahlite, pyroxene, asbestos, zoisito, verd-antique, marble, pyrite. 

New Haven. — Serpentine, asbestus, chromic iron, sahlite, stilbite, prehnite, chabazite, 
gmelinite, upophyllite, topazalite. 

Newtown. — Cyanite, diaspore, rutile, damourite, cinnabar. 

Norwich. — SilUmnnite, monazite ! zircon, Mite, corundum, feldspar. 

Oxford, near llumphreysville. — Cyanite, chalcopyrite. 

Plymouth.— Oalenite, heulandite. fluorite, chlonqdtyUitc ! garnet 

Reading (near the line of Danbury). — Pyroxene, garnet. 

Roaring Brook (Cheshire). — Datolite ! calcite, prehnite, saponite. 

Roxbury. — Si derite, blende, pyrite! ! gatenite . quartz, chalcopyrite, arsenopyrite, limon* 

te. 

Salisbury. — Brown iron ore, ochrcy iron, pyrolusite, triplite, turgite . 

Sayhkook. — Molybdenite, stilbite. plumbago. 

Seymour. — N ative bismuth, arsenopyrite, pyrite. 

SlMHBURY. — Copper glance, green malachite. 

SOUTH BUKY.—Itose quartz, laumontite, prehnite, calcite, barite. 

SOUTHINGTON.- -Barite, datolite, antedated quartz crystals. 

Stafford — M assive pyrites, alum, copperas. 

STONINOTON. — Stilbite and chabazite on gneiss. 

Tariffville.— Datolite. 

Thatchersvillk (near Bridgeport). — Stilbite on gneiss, babingtonite ? 

Tolland. — S taurolite, massive pyrites. 

Trumbull and Monroe. — Chlorophane, topaz, beryl, diaspore, pyrrhotite, pyrite, nicco- 
lite, scheelite, wolframite. (pseudoraorph of scheelite), rutile, native bismuth, tungstio acid, 
aiderite, mispickel, argentiferous galenite, blende, scapolite, tourmaline , garnet , albite, 
augite, graphic tellurium (f), margantdite. 

Washington. — Triplite, menaeeanite! (washingtonito of Shepard), rhodochrosite, natro* 
lite, andiUusite (New Preston), cyanite. 

Watertown, near the Naugatuck — White sahlite, monazite. 

West Farms. — A sbestus. 

Willimantic.— Topaz, monazite, ripidolite. 

Winchester and Wilton.— A sbestus, garnet 


NEW YORK. 


ALBANY CO.— Bethlehem.— C alcite, stalactite, stalagmite, calcareous sinter, snowy 
gypsum. 

Ooeyman’s Landing. — Gypsum, epsom salt, quartz crystals at Crystal Hill, three miles 
south of Albany. 

Guildrrland. — Petroleum, anthracite, and ealcite, on the banks of the Norman's ML 
two miles south of Albany. 

Watery lixt.— Q uarts crystals, yellow drusy quarts. 
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ALLEGHANY CO. — Cuba. — Calcareous tut*, petroleum, 3$ miles from the Tillage. 

CATTARAUGUS CO. — Freedom. — Petroleum* 

CAYUGA CO. — Auburn. — O elestite, calcitc, fluorspar, epsomite. 

Cayuga Lake.— Sulphur. 

Lublowyillk.— E psomite. 

UNION Si’iUNOs. — Scienitr, gypsum. 

Sfringuokt — At Thompson's plaster beds, nu'iphur ! ntienite, 

Bpringvillk. -N itrogen springs. 

CLINTON CO. — Arnold Ikon Mink — Magnetite, epidoto, molybdenite. 

Finch Ork Bed. — Calcitt \ green and purple lluor. 

CHATAUQUE CO — Frf.donia. — Petroleum, earburetted hydrogen. 

Laona — Petroleum. 

Sheridan —Alum. 

COLUMBIA CO. — Acrtkrlitz. — Earthy manganese, wulfcuitc, chaloooite ; Livingstoc 
lead mine, vitreous silver? 

CHATHAM — Quartz, p.vrite in cubic crystals in slate (Hillsdale). 

Canaan. — Chaloooite, chalcopyrite. 

Hudson. — Epidotc, selenite / 

New Lebanon —Nitrogen springs, graphite, anthracite ; at the Ancram lead mine, galen 
Ite, barite, blende, iruifenite (rare), chalcopyrite, calcareous tufa; near the city of Hudson, 
epsom salt, brown spar, trad 

DUTCHESS CO —Amenta. — D olorait<*, liman ite, turqite. 

Beckman l) Auntie. 

Dover. - Dolomite, tremolite. gurnet (Foss ore bed), staurolite limonite. 

Fisiikii.i. —Dolomite; near Peckville, talc. asbestos, graphite, hornblende, augite, actino 
life, hydrous unthophylhte, limonite 

North East. — Chulcocite. chalcopyrite, galenite, blende. 

PAWIJNO -Dolomite. 

Khinkiik k. -Cuioite. green feldspar, epidote, tourmalino. 

Union Vale. — A t the Clove mine, gibbsite, limonite. 

ESSEX CO. — Alexandria.— K irby’s graphite mins, graphite, pyroxene, seajndite, sphone. 

Crown Point — Apatite (eupyrohroite ot Emmons), hi turn tourmaline! in the apatite, 
chlorite, quart* crystals, pink and blue calm te. pvrite; a short distance south of J. C. Ham- 
mond’s house, go not, senjnMtc, chalcopyrite, ncenturine feUtspar, zireon, magnetis iron (Peru), 
epidote, mi a. 

Kki*NE. S.npolife. 

Lewis. - Tabuhr k par, eUophtrfute, garnet, iahradarite, hornblende, octinolite; tern miles 
•oath of the village of Keeseville, nuspiekel. 

Long Pond —A patite, gam* t, pyroxene, i doc rase, cace^Ute ! ! scapolUe, mnguctite, blue 
calcitc 

McIntyre. — I .nhrailorite , garnet, magnetite. 

Moriah, at Saudford Ore lied. — Magnetite , apatite, aU unite / lanthnnite, actin elite, and 
feldspar; at Fisher Ore Bed, magnetic iron , feldspar, quartz; at Hall Ore Bed, or ’‘New 0r» 
Bed.” magnetite, zircon* ; on Mill br«x>k, mix He . pyroxene, hornblende, albite; in the town 
of Moriah, magnetite, black mica ; Barton Hill Ore Bed. albite. 

Newcomb. - JsibrafUtriU, feldspar, magnetite, hypersthene. 

Port Henry. — Bn/wn tourmaline, mica, rone quartz, serpentine, green and black pyroxene, 
hornblende, tryst, j/yrite, graphite, woUastonite, pyrrhotite, adu tarot ; jddog^gnte ! at Cheevei 
Ore Bed. with magnetite and serpentine. 

Roger's Hock. — Graphite, iccUantonite, garnet, coiojthonitc, feldspar, aduiaria, jq/rocene, 
sphenc, cocooiiie. 

Schroon. — Calcits, pyroxene, chandrodite. 

Tioondbroga. — Graphite! pyroxene, sahUte, sphene , black tourmaline, cacoxens ? (Ml 
Defiance). 

Westuort. — Labradorite, prehnite. magnetite. 

Willsboro’. — WoUastonite, ootophontie, garnet, green coccoUte, hornblende. 

ERIE CO. — Ellicott’* Mill *. — Calcareous tufas. 

31 
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FRANKLIN 00 Cbatkauoat.— N itrogen springs, calcareous tabm. 

Ma lone . — Massive pyrite, magnetite. 

GENESEE CO . — Acid springs containing sulphuric acid. 

GREENE CO. — Catskill.— Calcite. 

Diamond Hill. — Q uartz crystals. 

HERKIMER CO. — Fairfield . — Quartz aystals, fetid barite. 

Littlk Falls . — Quartz crystals 1 barite, calcite, anthracite, pearl spar, smoky quarts, 
»*nc mile south of Little Falls, calcite. brown spar, feldspar. 

Middlbvilt cc . — Quartz crystals! rnlcite, brown and pearl spar, anthracite. 

Newport .— Quartz crystals. 

Baltbbuuy . — Quarts crystals ! blende, galenite, pyrite, chaloopyrite. 

Stark.— F ibrous celestite, gypsum. 

HAMILTON CO. — Long Lake. — B lue calcite. 

JEFFERSON CO. — Adams. — F luor, calc tufa, barite. 

Alexandria. — O n the S.E bank ot Muscolonge Lake, fluorite, phlogopite, cbalcopyrite, 
apatite; on High Island, in the St. Lawrence River, feldspar, tourmaline, hornblende, ortho 
class , celestite. 

Antwerp. — S tirling iron mine, hematite, chalcolite , siderite, miUerits , red hematite , crys 
tollized quartz, yellow aragonite , niccoliferous pyrite, quartz crystals , pyrite ; at Oxbow, cal- 
cite/ porous oor&lloidal heavy spar; near Vrooman's lake, calcite ! vesuvianite. phlogapite ! 

S /roxene, sjihcne . fluorite, pyrite, chaloopyrite ; also feldspar , bog-iron ore , Bcapolite (farm oi 
avid Eggleson), serpentine, tourmaline (yellow, rare). 

Brownsville. — C elestite in slender crystals, calcite (four miles from Watertown). 
Natural Bridge. — F eldspar, giesvckitv ! steatite pseadomo)phou* after pyroxene, apatite. 
New Connecticut — Sphene, brown phlogopite. 

Omar. — lieryl, fddspar, hematite. 

Philadelphia. — Garnets on Indian river, in the village. 

Pamelia . — Agaric mineral , calc tufa. 

Pi ERUEPONT.— Tourmaline, sphene, scapolitc, hornblende. 

Pillar Point . — Massive barite (exhausted). 

Theresa. — Fluorite , calcite , hematite, hornblende, quartz crystals , serpentine (associated 
with hematite), celestite, strontianite ; the Muscolonge Lake locality ot fluor is exhausted. 
Watertown. — Tremriite, agaric mineral , calc tufa, celestite. 

Wilna.— O ne mile north of Natural Bridge, calcite. 

LEWIS CO — Diana (localities mostly near junction of crystalline and sedimentary rocks, 
and withiu two miles of Natural Bridge). — «S cajtolite ! wollastonite, green coccolite, feldspar, 
tremolite , pyroxene! tqrfienej ! mica, quartz crystals , drusy quartz, cryst. pyrite, pyrrbotite, 
blue calcite, serpentine, rensseiaerite , zircon, graphite, chlorite, hematite, bog-iron ore, iron 
sand, apatite . 

Grkig.— Magnetite, pyrite. 

Lowville. — Calcite , fluorite, pyrite, galenito, blende, calc tula. 

Martinbrurgii. — W ad, galenite, etc., but mine not now opened, calcite. 

Watson, Bremen. — B og-iron ore. 

MONROE CO.— Rochester . — Pearl spar , calcite, snowy gypsum, fluor, oelestite, galosh o, 
blende, barite, hornstone. 

MONTGOMEET CO. — Canajoiiabik. —Anthracite. 

Palatine . — Quartz crystals , drusy quartz, anthracite, hornstone. agate, garnet. 

Boot . — Drusy quartz , Metuie, barite, stalactite, stalagmite, galenite. pyrite 

NEW YORK CO. — Corlf.ar’s Hook. — A patite, brown and yellow feldspar, sphene. 
Kingsbridgs. — IVemolitc, jyyraxene. mica , tourmaline, pyrites, rutile, dolomite. 

Harlkm. — E pidote, apophyllite, stUbite, tourmaline, vivianite. lamellar feldspar, mica. 
New York. — Serpentine, amhmthus. aotinolite, pyroccene, hydrous anthophyllite, garnet, 
itaurolite, molybdenite, graphite, chlorite, jasper, necronite. feldspar. In the excavations ta 
the 4th A venae tunnel, 1875, harmotome , stUbite, chatauite, heulandite, eta 
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NIAGARA CO. —Lewiston. — Bpeomite. 

IiOCKPOKT. — Cetestite, calcite, selenite, anhydrite, fluoriU, dolomite, 

Niagara Falls. -Calcite, fluorite, blende, dolomite. 

ONEIDA CO. — Bookvillr. — Calcite, icotlastonite, ooccolite. 

Clinton. — Blende, lenticultr argillaceous iron ore ; in rocka of the Clinton Group, stronll 
suite, celestite. the former covering tho latter. 

ONONDAGA CO —Camillas. — Sdenitc and fibrous gypsum. 

Cold Spkino — Azinite. 

Maxi — Gypsum and fluor. 

Syracuse. — Serpentine, celestite, selenite, barite. 

ORANGE CO. — Cornwall. — Zircon, chondrodite , hornblemU, spinel, tnassies fddspmr \ 
fibrous epidate, hudsonite, menaccanitc. serpentine, cocoolite. 

Drkr Parr. — Cryst. pyrite, galenit*. 

Monroe. —Mien ! sphene! garnet* oolophonito, cpidote, ehondrodite, allanite, budholsite, 
brown spar, spinet, hornblende, tide, menuccauite, pyrrhotite, pyrite, chromite, graphite, ras- 
tolyte, moronolite 

At Wilks and O’Neil Mine in Mon roe. —Aragonite, magnetite, dimagnetite (pseud. ?), jen 
kiusite, asbestos, serpentine, mica, hortonolitc. 

At Two Ponds in Monroe. - Pyroxene! ehondrodite, hornhlentUt, sca/tofitc ! sircon, tjdicne, 
apatite. 

At Greenwood Furnace in Monroe. — Chondrodite, pyroxene ! mica, hornblende, spinel, 
SCapoHte, bioUtef menaocanite. 

At Forest OF Dean. — Pyroxene, spinel, ziroon, soanolite, hornblende. 

Town of Warwick, Warwick Village —Spinel / zircon, serpentine! brown spar, pyrox- 
me! hornblende! fmmlomorphou* steatite, feldspar ! tHoek Hill), iiieiinouanito, clintonite, 
tourmaline (It. H), rutile , sphene, molylxlemte. arNonopyrito, maroiutito, pyrite, yellow Iron 
•inter, quartz, jasper, mica, ooccolite. 

Amity. — Spinet! garnet, scaftalitr, hombhndc, vcsucianite, cjmlotc ! clintonite! magnetite, 
tourmaline, warwiokite, apatite, ehondrodite, tale! pyroxene! rutile, incimocanito, zircon, 
corundum. feldsjHtr, sphene. calcite, serpentine, schiller spur <V), silvery mica. 

E JKNVILLK. — A fiat its, ehondrodite! hair-brown hornblende ! tremolite, spinet, tourmaline , 
tcanrickite , pyroxene, sj diene, mica, feldspar, mispirJccl , orpirnent, rutile, monaccanite, sooro* 
dite, chaloopyrite, leueopyrite (or lollingite). allanite. 

West PorNT .—Feldspar, mint, ncnpolite, sphene, hornblende, allanite. 

PUTNAM CO. — Brewster. Tilly Foster Iron Mine. — Chondrodite / (also humite and ollno* 
humite) crystals very rare, magnetite, dolomite, serjtrntinc psfutbnnorphn, brucite, eustatite, 
ripidolite, biotite, actinolite, apatite, pyrrhotite. fluorite. alhite, epidoto, spheric. 

Carmel (Brown’s quarry) — Anthophyllitc, sohiller spar (V), orpirnent, arsonopyrite, epi* 
dote. 

Cold Spring. — C habazite. inica. sphene, epidote. 

Patterson. — Whit* pyroxene ! caUite, as bestus, tremolite, dolomite, massive pyrite, 

PlIILLiPSTOWN. — Tremolite, amianthus, serpentine, sphene, dinpsule, green ooccolite, horn 
blende, s&tpohte. stilbite, mica, laumontite, gurhofite, oaloite, magnetite, chromite, 

Phillips Ore Bed. — Hyalite, actinolite, massice pyrite. 

RENSSELAER CO. — Hoobic.— N itrogen springs. 

Lansixgiiuroii — Epsomite, quarts crystals, pyrite, 

Troy .—Quartz crystals, pyrite, selenite. 

RICHMOND CO.— Rossville.— L ignite, eryst. pyrite. 

Quarantine. — Asbestos, amianthus, aragonite, dolomite, gurhofite, brncit", serpentine 
Me, magnesite. 

ROCKLAND CO.— Caldwell.— CbZeft* 

Grassy Point. — S erpentine, actinolite. 

Hayerstraw. — Hornblende # barite. 

Ladkntown. — Z ircon, malachite, cuprite. 

Pirrmont. — Datolite stilbite, spopbyllite. stellite, prehnite, tbomsonite. oaloite, obahaziU 

Stony Point. — CezoUie, lamellar hornblende, asbestos. 
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ST. LAWRENCE 00.— -Canton .— Massic pyrite , calcite, brown tourmaline, uptime, zer 
penline , talc, rensselaerite , pyroxene, hematite, chalcopyrite. 

Dekalb.— Hornblende, barite, fluorite , tremolite , tourmaline , blende, graphite, pyroxene, 
quartz (spongy), serpentine. 

Edwardh . — Jtrown and siloery mica! acapolite, apatite, quartz crystals. actinolite, Irene 
Ute! hematite, serpentine, magnetite. 

Fine .— lilack mica , hornblende. 

Fowler. — Barite, quartz crystal^ ! hematite, blende , galenite, tremolite, chalcedony, bog 
ore, aatin apar (asaoc. with aerpentine), pyrite, chalcopyrite, actinolite, rensselaerite (ixeoi 
Somerville). 

Gouvkrnbur. — Galcite! serpentine/ homMende ! scapolite ! orthoctose, tourmaline! ido- 
eraae (one mile south of G.), pyioxene, malacolite, apatite, rensselaerite, aerpentine, sphtne, 
fluorite, barite (farm of Judge Dodge), black mica, phlogopite, tremolite! asbestos, hematite, 
graphite, veauvianite (near Somerville in aerpentine), spinel, lioughite, acapolite, phlogopite , 
dolomite ; three-quarters of a mile west of Somerville, chondrodite , apinel ; two miles north 
of 8omerville, apatite , pyrite, brown tourmaline ! ! 

Hammond. — Apatite ! zircon! (farm of Mr. Hardy), orthoclase <loxocase\ pavga*ite y barite, 
pyrite, purple fluorite, dolomite. 

Hkkmon . — Quartz crystals, hematite, aidcrite, pargaaite, pyroxene, aerpentine, tourma- 
line, bog- iron ore. 

Hacomh. — B lende, mica, galenite (on land of James Averil), aphene. 

Mineral Point, Morristown. — Fluorite, blende, galenite, phlogojnte (Pope’s Mills), barite. 

OODENHBUKO.— Labradorite. 

Pitcairn. — S atin spur, associated with serpentine. 

Potsdam. — Hornblende ! — eight miles from Potsdam, on road to Pierrepont, feldspar , 
tourmaline , Mack mica , hornblende. 

Robbie (Iron Mines). — Barite , hematite, coralloidal aragonite in mines near Somerville, 
limonite, quartz (sometimes atalactitic at Parish iron mine), pyrite , pearl sjmr. 

Kobsie Lead Mine. — Galcite! galenite! pyrite , celcstite , chalcopyrite, hematite, cerussite, 
augleaite, octahedral floor, black phloyojntc. 

Elsewhere in Rohste. — V alette , barite, quartz crystals, chondrodite (near Yellow Lake), 
feldxjtar ! pnrgasite ! apatite , pyroxene , hornblende, aphene, zircon, mica , fluorite, serpen- 
tine, automolite, pearl spar, graphite. 

Russel. — Pargaaite , sjtecuUtr iron , quartz (dodec.), cal cite, serpentine, rensselaerite, 
magnetite. 

SARATOGA CO.— Greknfteld — Chrysoberyl ! garnet! tourmaline! mica, feldspar , 
apatite, graphite, aragonite (in iron mines). 

SCHOHARIE CO. — Ball’s Cave, and others — Calcite, stalactites. 

Carlisle. — Filtrou* barito, cry*t. and fib. calcite. 

MiDDLKisURY. — Anthracite, calcite. 

Sharon. — C alcareous tufa. 

Scuoiiarie — Fibrous celestite, strontianite ! crysl. pyrite! 

SENECA CO. — Canoga . — Nitrogen springs. 

SULLIVAN CO. — Wubteboro’. — GaUmite, blende, pyrite, chalcopyrite, 

TOMPKINS CO — Ithaca. — C alcareous tufa. 

ULSTER CO. — Ellen ville.— G afente, blende, chalcopyrite! quarts, broolcite, 
Marwlktown. —P yrite. 

WARREN CO.— Caldwell —Maasire feldspar. 

Chest Eli. — I*yrite, tourmaline, rutile, chalcopyrite. 

Diamond Isle <Loke George). — Galcite, quartz crysttis. 

Glenn’s Falla— R homb spar. 

Johnsburg . — Fluorite ! zircon ! ! graphite, serpentine, pyrite. 

WASHINGTON CO. — Fort Ann. — Graphite , serpentine. 

Granville . — Lamellar pyroxene, maasive feldspar, epidcie. 


WAYNE 00,—' Wolcott.— Barite. 
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WRBTCHESTFR CO. — Antiiokt's Xoue. — Ajwltte, pyritc, etUcUe ! in Tory large tabolai 
crystal*. grouped, and uometimea ineruuted with d i u*y quart*. 

Davknfokt’» Neck. — Ss\p*ntine. garnet, upheue. 

EautC'MKStkh. — lilende. pynte. chaloopyrite, dolomite. 

HahtINGH. — Tranolitf, u Inti pgrtoceue. 

New Rochelle. — *Nr ryuntinc, bruc.te, quaitz, mica. tremolite. garnet, mugneuite. 
pKKKhKlLL. — Mica, feldspar. hornblende, Hlilbite. upheue; throe in ilea Mouth, emery. 

Ryk. — Serpentine, cJtb *riU\ black tourmalins, tremolite. 

SINGLING. — Pyroxene, tremolite, pyritc. beryl, axurite, green malachite, oenuaito, pyromoK 
ptiite, anglesite. vauquelinite. galenite. native silver, clwdcopvntc. 

WEST Farm**. — Apatite, tremolite. garnet. atilbite. houlnndito. elm barite, opidote, iphettl 
Y0NKKH8 — Tremolite , apatite, caloite, analeitc, pyrite , tourmaline. 

Yorktuwn.— SiUimanite, momuilc, magnetite. 


NEW JERSEY. 

AlTOOVfCR Iron Mine (Srnwex Co.). — Willemite, brown garnet. 

Allentown (Monmouth Co.). — Wvianitc, dufrsnitc, 

BKLVILLK. — Copper mines 

Bergen. — Calcitc! Unto! it t ! jsctditc (culled stellitei! analeitc, aptgdtyllitc ! <jmr Units, 
prehnitc, Kphene. *ti bite , nalmlitt, heulandite, luumontite, cJuibazite, pyrite, pseiidomorpbotu 
steatite, imitative of apophvlhte, dinbimtite. 

Brunswick.- Copper mirn h; nutirt e*q*per, malachite, mountain bather. 

Buy am. — C hundroditc, ttpmtl, at Roseville, tpidotr. 

CANTWELL’S Bridge Newcastle Co , three miles west Viviunite. 

PANYII.LK (.lemmy .lump Ridge), -firap/utt , ehoudrodite, augite, inlon, 

FlemingION.— (upper mint*. 

FhaNKKoRT. — -S r rpcutine. 

Franklin and Sterling — Spinel! garnet ! rhodonite! willsmite! franklin it e ! zincite! 
dynluitc ! hornbUudt , frtmoiitc. chant! nut it * , tthifr ucaf mlite, hlnc.fc tourmaline, c pi dote, pink 
ealcitc, mica , aetinolite, augit»\ suhhte, corcohtc, ugliest us. jej/rnuaiite augite >, ealamine, 
graphite, fluorite, beryl, galenite, serpentine, b mey colored splicne, quart/;, chalcedony, 
amethyst, zircon, molybdenite, viviunite. tephroite, rlmdochroMite, aragonite. NtisHcxilc, chal 
cophanite. rtupr write. enleozmeite, viumxcmitc, gullible. AImo alycrite m gran. limestone. 
Franklin ami Warwick AIth .—Pyrite, 

Green RK(H)K. — C opper mines. 

Giugg.htown. — (’upper milieu 

Ram Hi; roil — O ne mile north. * pin el / tourmaline , phJttyopite , hornblende, limonite , hematite. 

HoUgKEN. — S erjienUne lnarinoiito , hruc.de, ncmalitc ^or iihroiis brucite, aragonite, dolo* 
mite. 

Hurdmtgwn — Afuitite, pyrrbotite, magnetite. 

IMLKYTOWN. - Viviunite 

Lockwood - drayhitc, r/eoi troiit c, talc, augite, quartz, gran wjrinsl. 

MONTVTLLE < Morris Co. . Serpentine rhrynotH»\ 

Mullcca Hill iGloueevO r < <* ) I munitt lining belenmitcs and other fossils. 

Newton - Spin, l , blue. p.nk. and white corundum, mica , veuuvianite, hornblende, tourma- 
line, $eajuAdc t rutile, pynte, talc, calcite, barite, pm uduniovphou* steatite. 

Paterson. - - JhitoUo- 

VERNON.— Serpentine, spinel, bydrotaleite. 


PENNSYLVANIA.* 

ADAMS CO.— Gettyhuuro.— Epidote, fibrous and maautTe. 

BERKS CO — Morgantown. — At June* 1 * mineu, one mile eoafc of Morgantown, green 
malachite, native copper. cArjpoc/Ala, mag m tile, allophane, pyrite, chalcopyrite, aragonite, 
apatite, talc ; two milea N.E. from Joneuu mine, graphite, uphcne; at Steeled mine. on« 
mile N.W. from St. Mary'u, Cheuter Co , maymVte , micaceou* iron, coo<wlite, brown garnet. 

Hka ding.— Smoky quartz c ryetala. zircon, utilbite. iron ore, near Pricetown, zircon, a) Ian 
R*, epidote ; at EckbardtV Furnace, aUanite with zircon ; at Zion*s Church, molybdenito ; 


See alto the Report on the Mineralogy' of Pen nay 1 vania, by Dr. F A. Gcnth, 1875. 
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near Kutztown, In the Crystal Care, stalactites ; at Fritz Island, apophyBiU tbomaonito, cAabe 
ute, calcite, aznrite, malachite, magnetite, chalcopyrite, stibnite, prochlorite, precious ser 
pontine. 

BUCKS CO.— Buckingham Township.— Crystallized quartz; near New Hope, vesuvian 
He. epidote, barite. 

Southampton. — Near the village of Feasterville, in the quarry of George Van Arodale 
graphite, pyroxene, sahlite, coccolite, sphene , gTeen mica, calcite, wdlastonite. glassy feld 
•par sometimes opalescent, phlogopite, blue quartz . garnet, zircon, pyrite, moroxite, scapolite 

New Bbit.un. — D olomite, galenite, blende, malachite. 

CARBON CO.— Summit Hill, in ooal mines ,—KaoUnite. 

CHESTER CO. — Avondat.k. — Asbestos, tremolite, garnet, opaL 


Birmingham Township. — Amethyst, smoky quartz , serpentine, beryl; in Ab’m Darling- 
ton’s lime quarry, calcite. 

East Bradford. — Near Buffington’s bridge, on the Brandywine, green, blue, and gray 
cyanito, the gray cyanite is found loose in the soil, in crystals ; on the farms of Dr. Elwyn, 
lire. Foulke, Win. Gibbons, and Sami. Entrikin, amethyst. At Strode’s mill, asbestos, mag- 
nesite, amhophyllite, epidote, aquacrepitite, oligoclase, drusy quartz, collyriteT on Os- 
borne’s Hill, wad, mangamsian gurnet (massive), sphene , schorl ; at Caleb Cope’s lime quariy, 
fetid dolomite , necronite, garnets, blue cyanite, yellow act indite in talc; near the Black 
Horse Inn, indurated UUc, rutile ; on Amor Davis’ farm, ortliite! massive, from a grain to 
lumps of one pound weight ; near the paper-mill on the Brandywine, zircon , associated with 
Utaniftrous iron in blue quartz. 

West Bradford. — Near the village of Marshalton. green cyanite . rutile, scapolite, pyrite, 
staurolite; at the Chester County Poor-house limestone quarry, chesterlite! in crystals im- 
planted on dolomite, rutile ! in brilliant ncioular crystal^ which are finely terminated, cal- 
cito in scalon ohed rons, zoisite, rinmourih f in radiuted groups of crystals on dolomite, quarts 
crystals ; on Smith & McMullin’s farm, epidote. 

Charlestown. - -Pyromorjthite. ccrussite, galenite , quartz. 

Coventry. — A lloniu*, near Pughtown. 

South Coventry.— In Chrisman’s limestone quarry, near Coventry village, angiu, 
•phene, graphite, zircon in iron ore (about half a mile from the village). 

East Fallow field. —Soapstone. 

East Goshen. — Serpentine, asfnstus, magnetite (loadstone), garnet. 

Elk. — Menaocanite with muscovite, chromite ; at Lewisville, black tourmaline. 

West Goshen. — On the Barrens, one mile north of West Chester, amianthus, serpentine, 
cellular quartz, jasper, chalcedony, drusy quartz, chlorite, marmolite. indurated talc, may- 
Msite in radiated crystals on serpentine, hematite, asbestos ; near R. Taylor's mill, chromite 
in octahedral crystals, deweylite , radiated magnesite , aragonite, staurolite , garnet, asbestos, 
epidote; zoisite ou hornblende at West Chester water-works (not accessible at present). 

New Garden. — At Nivin’s limestone qnurry, brturn tourmaline , necronite , scapolite, apa- 
tites brown and green mica, rutile, aragonite, fibndite, kaolinite, tremolite. 

Kknnktt. — A ctinolite, brown tourmaline, browu mica, epidote , tremolite, scapolite, ara- 
gonite ; on Wm. Cloud's farm, sunsUme! f rhabazite, sphene. At Pearce's old -mill, zoisite. 


epidote, svnstone ; sunstone occurs in good specimens at various places in the range of horn- 
blende rocks running through this township from N E. to S.W. 

Lower Oxford. — Gamete, write in cubic crystals. 

London Grove.— Rutile, jasj>er, chalcedony ^botryoidal), large and rough quartz crystals, 
epidote; ou Wm. Jackson's farm, yellow and black tourmaline , tremolite , rutile, green mica, 
apatite, at Pusey’s quarry, rutile, tremolite. 

East Marlborough.— On the farm of Baily & Brothers, one mile south of Unionville. 
bright ydlow and nearly white tovrmaUne, chesterlite, albite , pyrite ; near Marlborough meet- 
ing-house, epidote. serpentine, acicular black tourmaline in white quarts; zircon in email 
perfect crystals, loose in the soil at Pusey’s saw mill, two miles S.W. of Unionville. 

West Marlborough. —Near Logan's quarry, staurolite. cyanite, yellow tourmaline, rutil% 
garnets ; near Doe Run village, hermtfi'e, scapolite. tretnoUte ; in R. Baily's limestone quarry, 
two and a half miles S.W. of Unionville, fibrous tremolite, cyanite, scapolite. 

Nkwlin.— On the serpentine barrens, one and a half mile N.E. of Unionville, corundum I 


massive and crystallized, also in crystals in albite, often in loose crystals covered with a this 
ooating of steatite, spinel (black), talc, picrolite, formate, green tourmaline with flat pyram- 
idal terminations in albite, union i ts (rare) euphytlite, mica in hexagonal crystals, fiUtpm 
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b tryll in feexagooal crystals, one of which weight 51 Iba, pyrite in oebio crystals, ohromk 
iron, druay quarts, green quartz, actinolite. emcrybte, chloritoid. diallagt otigoclase; m 
Johnson Patterson's farm, missive corundum, titaniferous iron, dinocklort, emerylitc, 
sometimes colored green by chrome, albite, orthoclase, halloysite, margnrite, garnets, beryl; 
on J. Lesley's farm, c*n'umlum, crystallised and in maviive lumps, one of which weighed 
5.300 lbs., diaqwre ! * cmerytite 1 eujdiyllitr crysUtHizeti / green tourmaline, transparent 
crystals in the eiqdiyliite, orthoclase; two miles N. of UnionvUlo. magnetite in octahedral 
crystals; one mile E. of Union ville, hematite; in Ed wards's old limestone quarry, purple 
fluorite, rutile. 

East Nottingham. — Sand chrome , asbestus, chromite in octahedral crystals, hallite, beryl. 

West Nottingham. — At Scott's chrome mine, chromite, foliated talc, mannolite, serpen 
tine, chalcedony, rhodochrvme ; near More Phillip's chrome mine, asbtstus ; at the magnesia 
quarry, dtteeyUu, monnolite, magnesite, le elite*, scrjicntiue, sand chrome; near Fremont 
P.O., corundum. 

East Pikeland.— Iron ore. 

West Pi K eland. — lu the iron mines near Chester Spriugs, gittbsite, zircon , turgite, hema- 
tite (stalactiticol aud in geode* , gdthite. 

Penn — Garnets, agalmatoliie. 

Pknnbbury. — On John Craig’s farm, brown garnets, mica ; on J. Dllworth’s farm, near 
Fairville, musetmite! in hexagonal prisms from one quarter to seven inches in diameter; in 
the village of Fairville, sunstone ; near Brinton's ford, on the Urnndy wine, ehondrmtite, sfdtt me % 
diopeide. augite, coccohtc; at Mendenhall's old limestone quarry, ft (td quartz, suimlouo ; at 
Swain's quarry, crystals of oithociase 

Pocui*soN. — 'On the farms of John Entrikin and Jos. II. Darlington, amethyst. 

Sadhiiuhy .--Rutile ! ! splendid geniculated crystals are found loose in the soil for seven 
miles along the valley, and particularly near tic* village of Purkesburg, where they sometimes 
occur weighing one pound, doubly geniculated and of a deep red color; near Salisbury village, 
amethyst , tourmaline, cpulotc, milk quartz. 

Schuylkill — In the railroad tunnel at PncKNlXVlLLE, dabnnite ! sometimes coated with 
pyrite. quartz crystals, yellow blende, bro »kite, nitrite in hexagonal i r\st;ils enclosing pyrite ; 
at the WHEATLEY, BhooKDM.K, and ClIESTEH Coi’NTY LEAD MINES, one and a half mile 
S. of Phoemxville. pynnnorjdiite ! cer astute ! galtuite , anglrsite! ! quarts crystals, chalcopy- 
rite, barite, fluorite (white), sttdzde, miljinitr ! calamine , ranadinite , blende! mimetite / 
descloizite, gothite. chrysocolla, native copper, malachite, nzurde . limonite. calcite , sulphur , 
pyrite, melacouite, pseudornulachite, gersdorflite, chalcocite ? coveltitc. 

Thohniuihy. — O n Jos. II. Brintou's farm, m ascot it e containing aciculur orystuls of tour* 
maline. rutile, titaniferous iron. 

Tkedykfkin — Pyrite in cubic crystals loose in the soiL 

Uwitilan. — M assive Hue quartz, graphite. 

Warren. — Mdanite , feldspar. 

West Goshen (one mile from West Chester). — Chromite. 

WlLLISToWN. — Magnetite, chromite, actinolite, asbestus. 

West-Town. — On the serpentine rocks, J miles 8. of West Chester, cli nothin re / jrffcrizUsf 
mica, asbestos, uctiuolite, magnesite, talc, titaniferous iron, magnetite and tnussive tourma- 
line. 

East WIiiteland. — Pyrite , in very perfect cubic crystals, is found on nearly every farm 
in this township, quartz crystals found loose in the soil. 

West Whiteland. — At Gen Trimble’s iron mine (south-east), * talactitic hematite ! 
VmreUitef f in radiated stalactites, gihlmite, eocruleolactile. 

Warwick — At the Elizabeth mine and Keim’s old iron mine adjoining, one mile N. of 
Knauertown, ajtlome garnet ! in brilliunt dodecahedrons. fUnfrrri, pyroxene, micaceous hema- 
tite, pyrtle in bright octahedral crystals in calcite. chrys<»eolla, chalcopyrite massive and in 
•ingle tetrahedral crystals, magnetit e. fascicular twrnf trade f bondte, malachite, broirn garnet, 
calcite, byssoliU! serpentine; near the village of St. Mary’s, magnetite in dodecahedral 
crystals, melnnite, garnet, aclinotite in smnll radiated nodule* ; at the Hopewell iron mine, 
one mile N.W. of St Mary's, magnetite in octahedral crystals. 

COLUMBIA CO. — At Webb's mine* yellow blende in calcite ; near Bloomburg, cryst. mag 
netite. 


DAUPHIN CO.— Near Hcmmkrstown.— Green garnets, cryst. moky quartz, feldspar, 

DELAWARE 00.— Aston Township.— Amethyst , corundum, emeryiite, staurolite. fibre - 
NTs, black tourmaline, margarite, sunstone , , asbestuz , anthophyUite, steatite* near Tysoa'l 
mill, garnet, staurolite; at Peter's mill dam in the creek, pyrope garnet. 
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BrRIf INGHAM. — Fibrolitc, kaolin (abundant), crystals of rutile, amethyst; at Bullock's rid 
quarry, zircon, buchokiti, nocrite, yellow crystallized quartz, feldspar . 

Blue Hill.— G reen quartz crystals, spinel. 

Chester — Amethyst, black tourmaline , crystals of feldspar , garnet, ciyst. pyrite, 

molybdenite , mriyhdite , chalcopyrite, kaolin, uraninite, muscovite, orthoclase, bismutite. 

Chichester.— N ear Trainer’s mill dam, tourmaline, crystals oi feldspar, kaolin; on 
Wm. Eyre’s form, tourmaline. 

Concord. — Crystal* of mica , crystals of feklsjatr, kaolin abundant, quartz of a blu* 

and green color, meerschaum, stellated tremolite , some of tbe rays (>$ in. diameter, antho 
phyVUte , fibrolite, acicular crystals of rutile, pyrope in quartz, amethyst, actinolite, mauganS 
sian garnet, beryl ; in Green’s creek, pyrope gat net. 

Daiuiy. — lilne and gray cy unite, garnet, staurolite, zoisite, quartz, beryl, chlorite, mica, 
limonite. 

Edgkmont. — Amethyst, oxide of manganese, crystals of feldspar ; one mile east of Edge 
mont Hall, rutile in quartz. 

t'REEN’s Creek. — Garnet (so-called pyrope). 

Havkkpokd. — S taurolite with garnet. 

Maiu'LK. — Tourmaline, andal unite, amethyst, actinolite, anthojyhyllite, talc, radiated actin- 
elite in talc, chromite, drusy quartz , beryl, cryst. pyrite, me naan nite in quartz , chlorite. 

MIDDLETOWN. — Amethyst , beryl, black mica, mica with reticulated magnetite between the 
plates, manga nesian garnets ! large trapezohedral crystals, some 11 in. in diameter, indurated 
talc, hexagonal crystals of rutile, crystals of mica, green quartz! anthophydiU , radiated tour- 
maline, staurolite, titanic iron, fibrolite, serpentine; at Lenni, chlorite, green and bronze 
termicubte, ! q r era feldspar ; at Mineral Hill, fine crystals of corundum, one of which weighs 
U lb, act indite in great variety, hronzite, green feldspar , moonstone, sunstmte, graphic 
granite , magnesite, octahedral cn/staU of chromite in great quantity, beryl, chalcedony, 
asbestos, fibrous hornblende , rutile, staurolite, melanosiderite, h&llite ; at Painter's Farm, 
near Dismal Hun, zircon with oligoclnse, tremolite, tourmaline; at the Black llorse, near 
Media, corundum ; at Hibbard’s Farm and at Fuirlamb’s Hill, chromite in brilliant octahe- 
drons 

NEWTOWN. — Serpentine, hematite, enstutite, tremolite. 

UPPER PROVIDENCE — AnthojhyUite., tremoUte , radiated asfnstvs, rad ated ncthulilf, tour- 
maline, beryl , green feldspar, amethyst (one found on Morgan Hunter’s farm weighing over 7 
lbs.), andatusite / (one terminated crystal found on the farm of Jas. Worrnll weighs 7.', lbs.); 
at Blue Hill, very film crystals of blue quartz in chlorite, amianthus in serpentine, zircon. 

Lower Providence. — Amethyst, green mica , garnet, large crystals of f<ldtq>ar ! (some 
over 100 lbs. in weight). 

Radnor. — Garnet, marmolite, deweylite, chromite, asbestus, magnesite, tale, blue quart*, 
piorolite, limonite, magnetite. 

Si’UlNOKlELD. — Andidustfc, tourmaline, beryl, titanic iron, garnet; on Fell’s Laurel Hill, 
beryl, garnet; near Beattie’s mill, staurolite, apatite; near Lewis’s paper-mill, tourmaline, 
mica. 

Tuoukbuky. — Amethyst. 

HUNTINGDON 00. — Near Frankstown. — I n the bed of a stream and ou the side of * 
hill, fibrous edestite (abundant), quartz crystals. 

LANCASTER CO.— Drumork TowNsniP — Quartz crystals. 

Fulton. — At Wood’s chrome mine, near the village of Texas, brucite ! ! zaratlt© (emerald 
nickel), pennite! ripiddUte! kdmtn ere rite ! baltimorite. chromic iron, williamsite. chrysolite! 
marmolite, picwlite, hydromagnesite, dolomite , magnesite, aragonite, caleite, serpentine, 
hematite, menaccanite, geuthite, chrome-garnet, bronzite, milleritc ; at Low’s mine, hydro • 
magnesite, brudte (lanoasterite), piertdite, magnesite, mlliamsite, chromic iron, t i c. zaratite, 
baltimorite, serpentine, hematite ; on M. Boice’s farm, one mile X.W. of the village, pyrite 
in cubes and various modifications, anthophytlite ; near Rock Springs, chalcedony, came lion, 
m>*ss agate, green tourmaline in talc, titanic iron, chromite, octahedral magnttd* in chlorite ; 
at Reynolds'* old mine, oalcite, talc, picrolite. chromite ; at Carter’s chrome mine, hrookite. 

GAP Mines.— C halcopyrite, pyrrhotite (niccolifcrous), mUUritc in botryoidal radiations, 
H zinnia ! (rare), actinolite, siderite, hiaingerite, pyrite. 

Pequea Valley. — E ight miles south of Lancaster, argentiferous galenic < said to contain 
SUM) to 1*00 ounces of silver to the ton Y). vauquelinile, rutile at Pequea mine ; four miles N.W. 
of Lancaster, on the Lancaster and Harrisburg Radroa«% catamite, galenite, blende ; pyrite is 
cubic crystals is found in great abundance near the city of Lancaster ; at the Lancaster sin* 
mines, calamine, blende, teuuautite t srxitheonite (pseud, of dolomite), autichalcUt* 
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LEBANON 00. — Cornwall. — Magnate, pyiite icobalHferoua), chalcopyrite, natire top* 
per, a write, malachite , chrytocotta , tujtrite ihydrociiprite), nlitrfihane } bnteha utile, Mrpfntifio, 
quarts pseudomorphs; gaiemte (with octahedral cleavage), Iluorite, oovellite, hwuaiito (mi 
oaoeous), opal, asbestus. 

LEHIGH CO — Friedknsville. — A t the zinc urine*, ytlnniae, *mith*nnite, hyrtroiincito, 
massive blende, greenockite, quartz, allophane. zinciferous clay, mountain leather, aragonite, 
sauoonite ; near Allentown, magnetite, pipeirou ore; near Bethlehem, ou S. Mountain, 
aiiaoite, with zircon and altered sphene in a single isolated mass of syenite, magnetite, mar* 
tite, black spinel, tourmaline, chalcocite. 

MIFFLIN CO.— Strontianite. 

MONHOE CO.— In Cherry Valley. — Calcite, chalcedony, quartz; in Poconao Volley, 
near Judge Mervine's, cryst. quartz. 

MONTGOMERY CO.— Conhiiohockkn Fibrous tourmaline, mennoenuite, nventurint 
quartz, phyllite; in the quarry of Geo Bullock, eatcite in hexngoiml prisms, aragonite. 

Lower Providence. — At the. Perk i omen lead and copper mines, near the village of 
Shannonville, nzurite. blende. goUnite, pyromorphite, eerasMte, wulfeirite, unglcNito, barite, 
calamine, cholcopyrite, malachite, cluy socolla, brotrn spar, cuprite, covellite (rare), mein- 
oonite, libethcuite, psciulomalachite 

White Marsh. —At I>. O. Hitner's iron mine, the and u half miles from Spring Mills, 
limonite in geodes and stalactites, ybthife, pyroluMte, und, lepidocrocitc ; at ICdge Hill Street, 
North Pennsylvania Railroad, titanic iron, hiamiite, pyrol unite ; me mile S W. of llitner'i 
iron mine, Umouitt , velvety, stalactitie. and tibroiis. tibres three inches long, tuigite, got Hitt f, 
pyrolusite. rrlret mattgauno, wad; near Marble Hull, at Hitner’s marble quariy, white mar- 
ble, granular barite, re'Ciubliug marble; at Spring Mills, limonite. pyiolusite, g.thite; at 
Flat Rock Tunnel, opposite Manuyitnk, ntUbite, bt ubindiU , chabnmte, llvaite, betyl, feldspar, 
mica. 

Lafayette, at the Soapstone quarries. -Tale, jefTerisite, garnet, albito, seipentme, zoisite, 
vtaurolite, cholcopyrite ; at Rose’s Serpentine quarry, opposite Lafayette, rust auto, serpen- 
tine. 

NORTHUMBERLAND CO. — Opposite Bheim’h Grove. -Calamine. 

NORTHAMPTON CO.— BnuiKiLL Township. — Cry stal Spring on Blue Mountain, f/wi/ U 
tryuVil*. 

Near Easton — Zircon! (exhausted), nephrite, coerolite, trcinolite, pyroxene, sahlite, 
limonite, magnetite, purple ealeitc. 

Williams Township. — Pyrolusite in geodes in limonite beds, gothile (Icpulncrnnito) at 
Olendon. 

PHILADELPHIA CO. — Fkankford - -Titanite in gneiss, upnphyllitf ; on the Philadelphia, 
Trenton and Connecting Railroad, hasamte ; at the quarries on Frank font Creek, stilbite. 
molybdenite, hornblende ; on the Connecting Railroad, wad, earthy cobalt ; at Chestnut Hill, 
magnetite, green mica, ehalropyrite, lluortte. 

FaiHMOPNT Water Works. -In tl»e quarries opposite Fairmmmt. ant unit*/ lor her hilt 
crystals of fthbgmr. beryl, pseudonriorpliH after beryl, tourmaline, albite, wad, itnnaccanite. 

Gokgas’ and Crease's Lane. —Tourmaline, cy unite, stuurolite, honistoric. 

Near Germantown. — lilack lourmnlim\ laumontite, apatite; York Road, tourmaline, 
beryl. 

Hkstonville.— Alunogen, iron alum, orthoclaw*. 

Heft’s Mill. — Alunogen, tourmaline, cyanite, titanite. 

Manayunk. — A t the soapstone quarries al>ove Manayunk, talc, eteatite, chlorite, vermicn* 
lfte. authophyllite , staurolite. do omite. apatite, osls-stiis. brown »j»ar, epsomite. 

Meagargee’s Paper-mill. — Staurolite, titanic iron, hyalite, apatite^ green mica, iron gar- 
nets in great abundance. 

McKinney’s Quarry, on RitUmhouse Lane.— Feldspar, apatite , utilbiti ?, n air elite, heultui - 
dite epidote, hornblende, erubeseite, malachite. 

Schuylkill Falls. — C habazite, titanite, fluorite, epidote, muscovite, tourmaline, pro- 
chlorite. 

SCHUYLKILL CO.— TaMaqda, near Pottkvillk, in coal mines. — KacUnUe \ 

YORK CO. — Bomite, rutile in slender prisms in granular qqartz, calcite. 
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DELAWARE. 

NEWCASTLE CO.— Brandywine Springs. —Bucholzitc, fibroUte abundant, aahlite, pyrox 
ene ; Brandywine Hundred, muscovite, enclosing reticulated magnetite. 

Dixon’s Feldspar Quarries, six miles N. W. of Wilmington (these quarries have bees 
worked for the manufacture of porcelain).— Aduhria, altrite, (Myodaee, beryl, apatite, ein.no- 
mon-statu! / (both granular like that from Ceylon, and crystallized, rare), magnesite, serpen* 
tine, asbestos, black tourmaline ! (rare), imUcolite! (rare), sphene in pyroxene, cyanite. 

Dupont's Powder Mills .— k4 Hyperstbeue.” 

Eastbukn’h Limestone Quarries, near the Pennsylvania line. — Tremdite , bronzUe . 

Quarry ville. — Garnet, sp'»dumene, fibrolite. 

Near Newark, on the railroad. — Sphserosidcrite on drusy quartz, jasper (ferruginous opal), 
crywt. spathic iron in the cavities of cellular quartz. 

Way’s Quarry, two miles south of Centreville.— Feldspar in fine cleavage masses, apatite, 
mica, deweylite, granular quartz, 

Wilmington. — In Christiana quarries, metaUoidai dutUage. 

Kennktt Turnpike, near Centreville.— Cyanite and garnet. 

HARFORD CO. — Cerolite. 

KENT CO. — Near Middletown, in Wm. Folk’s marl pits. — Vicianitc! 

On Chesapeake and Delaware Canal.— R etinasphalt, pyrite, amber. 

SUSSEX CO.— Near Cape Henlopen — Vivianite. 


MARYLAND. 

Baltimore (Jones’s Falls, If mile from B.) — Chabazite (haydenite), heulaudite (bean 
montite of Levy), pyrite, lenticular carbonate of iron, mica, utilbitc . 

Sixteen miles from Baltimore, on the Gunpowder. — Graphite. 

Twenty-three miles from B., on the Gunpowder.— Talc. 

Twenty-five miles from B., on the Gunpowder— Magnetite, sphene, pycnite. 

Thirty miles from IV, in Montgomery Co., on i»rm of S. Eliot — Gold in quartz. 

Eight to twenty miles north of B., in limestone. — J nmolite , a agile, pyrite, brown and yd 
low tourmaline. 

Fifteen miles north of B. — Sky-Hue chalcedony in granular limestone. 

Eighteen miles north of B., ut Scott’s mills. — Magnetite , cyanite. 

Bark Hills. — Chromite . asbestns, tremoUte, talc , hornblende, serpentine, chalcedony, 
meerschaum, baltimorite, chalky rite, magnetite. 

Cape Sahle, near Magothy R. — Amber, pyrite, alum slate. 

Carroll Co. — Near SykeHville, Liberty Mines, gold, magnetite, pyrite {octahedrons), chal- 
eopyrite, linnahte v currollite) ; at Pata|»oo Mines, near Finksburg. liornite, malachite, siegen* 
ite, H finer iU, rnningtonite, magnetite, chalceq.yrite ; at Mineral Hill mine, bornitt , chaleopy- 
rite, ore of nickel (see above), gold, magnetite. 

Cecil Co., north part — Chromite in serpentine. 

Oooptown. Harford Co. — Olive colored tourmaline, diallaye , tale of green, blue, and rose 
colors, Ugniform a*lx#tus, chromite, ecrywntine. 

Deer Creek. — MagneCU'! in chlorite slate. 

Frederick Co.— Old Liberty mine, near Liberty Town, black copper, malachite, chaloo- 
cite, specular iron ; at Dolly hyde mine, bornitt , chalcopyrite, pyrite, argentiferous galenite in 
dolomite. 

Montgomery Co. — Oxide of manganese, 

Aomkk&kt and Wohckster Cos., north part. — Bog -iron ore, tivianUe, 

St. Mary’s River. — Gypsum / in clay. 

Pvlbsvillk, Harford Co. — Asbestus mine. 


VIRGINIA AND DISTRICT OF COLUMBIA. 

Albemarlk Co., a little west of the Green Mts.— Steatite, graphite, galenite. 

AMHERST Co., along the west base of Buffalo ridge. — Copper ores, all&nite. etc. 

AUGUSTA Co. — A t Weyer’s (or Weir's) cave, sixteen miles northeast of Staunton, and 
eighty -one miles northweat of Richmond, calcite, stalactites. 
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Buckhoham Oo .—Geld at Garnett and Moseley mines, also, pyrite, pyrrhotite, ooloite, 
garnet ; at Kdridgs mine (now London and Virginia mines) near by, ana the Buckingham 
mines near Maysnile, gold, auriferous pyrite, chaloopyritc, tenuantite, bariU ; 49**#*, t*otr- 
matime. acUuokU. 

OiiEOTtHWELD Co. — Near this and Richmond Co. bituminous coal, native 00k e. 

Culpepper Co., on Rapidan river.— Gold, pyrite. 

Franklin Co.— Grayish steatite. 

Fauquier Co., Barnett's mills — Asbestos, gold mines, barite . calotte. 

. Fluvanna Co. — G old at Stockton’s mine ; also tetradymite at “ Tellurium mine,” 

Phkntx Copper mines. — Chalecqyytite, eta 

Georgetown. D. G\— Rutile. 

Goochland Co. —Gold mines (Moss sud Busby's). 

Harper's Ferry, on both sides of the Potomac. — Thuringite (owenlte) with quarts. 

Jefferson Co., at Shepherdstown. Fluor. 

Kkkawha Co. — A t Kenawha, petroleum, brine springs, oaunel coal. 

LOUDON Co. — Tabular quartz, druse, pyrite. talc, M trite, sfstftstane, nslmstus, chntmtte, 
actinolite , quartz crystal* ; micac.tou* iron, bomite, malachite, cpidote, near Leesburg (Poto- 
mac mine). 

Louisa Co. — W alton gold mine. gold, pyrite, olmlonpyrite, argentiferous gulenite, siderite, 
blende, anglesite ; boulangerite. blende (at Tinder's mine) 

Nelson Co. — Galeuite, cholcopyrite, malachite 

Orange Co —Western part, Blue Ridge, specular iron ; gold at the Orange Grove and 
Vsucluse gold mines, worked by the ** Freehold " and ** Lilwirty *’ Mining Companies. 

Rock hr 1 doe Co., three miles southwest of Lexington.— Barite. 

Shenandoah Co., near Woodstock. - Fluorite. 

Mt. Alto. Blu ? Ridge — Argillaceous iron ore. 

S POTT8Y L v a N I a Co., two miles northeast of ClionccllorvUla. — Cyanite ; gold mines at the 
junction of the Rappahannock and Rapidan; 011 the It ippuhunuock (Mundmll mine); White* 
hall mine, affording also tetradymite. 

Stafford Co. , eight or ten miles from Falmouth -Micaceous iron, gold, tetradymite, sil- 
▼er, gulenite. viv ionite. 

Wahiunoton Co., eighteen miles from Abington. — Hack salt with gypsum. 

Wythe Co. (Austin's mines).— Cerussite, minium, plumbic ochre, blende, calamine., galeniU, 
graphite. 

On the Potomac, twenty-fivo miles north of Washington city. — Satire sulphur in gray 
oompact limestone. 


NORTH CAROLINA. 

Ashe Co — Malachite, cholcopyrite. 

Buncombe Co., (now called Madison Co).- Corundum (from a boulder/, margarite , corun* 
dophilite, garnet, chromite, barite. Jiao rile, rutile, iron ores, munguuose, zircon / at Swan- 
nanoa Gap, cyanite. 

Burke Co. —Gold, monazite, zircon, beryl, corundum, gar nit, sphetie, graphite, iron ores, 
tetradymite, montanitc. 

Cabarrus Co. — Phenix Mine, gold, barite, chaleofy/rite, auriferous pyrite, quartz, peendo* 
morph after barite, tetradymite, rnontafiitc ; Pioneer mines, (pdd, limonite, pyrolusite, barn* 
hardite , t coif ram, tcheelite, cuprotungHtite, tungstite, diamond, ehrysooolla, cholcocito, molyb- 
denite, chakojiyrite , pyrite ; White mine, needle ore. chaloopyritc. barite ; Long and Muse's 
mine, argentiferous gulenite, pyrite, clialoopynte. limonite; Roger mine. tetradymite; Fink 
mine, valuable copper ores ; Mt.. Makins, tetrahedrite. magnetite, talc, blende. jiyrite, proof 
tit*, gulenite ; Bangle mine, scbeclite. 

Caldwell Co —Chromite 

Chatham Co. — M ineral coal, pyrite, chloritoid. 

Cherokee Co. — Iron ores, gold, g&lenitc. corundum, rutile cyanite, damonlte. 

Cleveland Co — W hite Plains, quartz, crystals. smoky quartz, tourmaline, rutile in quarts. 

Clay Co. — At the Callakenee Mine and elsewhere, corundum (pink , zoiaite, tourmaline, 
margarite, willcoxite, dudleyitc. 

Davidson Co — King's, now Washington mine, native, silver, cerussite, anglesite, scheelitf, 
i^romorphite. galenite, blende, malachite. black copper, 1 MiveUttc, garnet, stilhite ; Are miles 
trom Washington mine, on Faust’s fann. gold, tetratiymtte, , oxide of bismuth and tellariam, 
tnont&nite, cholcopyrite, limonite. spathic iron, epldote ; near Squire Ward’s, gold in crys- 
tals, electrum 

Franklin Co. — A* Portias mine, diamonds. 

Gantox Co.— Iron ores, oorundum, margarite; near Crowder's Mountain (in what mm 
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formerly Lincoln Co.), lazulite, cyanite , garnet , graphite ; also twenty miles northeast, neu 
south end of Clubb’s Mtn., lazulite, cyanite, talc, rutile, topaz, pyrophyllite ; King’s Moun- 
tain (or Briggs* Mine, native tellurium, altaite, tedradymite, montanite. 

Guilford Co. — McCulloch copper and gold mine, twelve miles from Greensboro’, gold, 
pyrite, chaicopyrite (worked for copper), quartz , Bide rite. The North Carolina Copper Co. are 
working the copper ore at the old Fentress mine ; at Deep River, compact pyrophyllite 
(worked for slate-pencils). 

Haywood Co. — Corundum, margarite, damourite. 

Henderson Co. — Zircon. »phene (xantbitane). 

Jackson Co. — Alunogen? at Smoky Mt.; at Webster, serpentine, chromite, genthite, 
ihrysotite, talc; lloghalt Mt,, pink corundum, margarite, tourmaline. 

Lincoln Co. — Diamond ; at Hand lemon’s, amethyst , rose quartz. 

Macon (Jo. — Franklin, Culsagce Mine, corundum , spinel, diaspora, tourmaline, damourite, 
prochlorite, eulsageeite, kerrite. in aconite. 

McDowkll Co. — Brookite, monazite. corundum in small crystals red and white, zircons, 
garnet, beryl, sphene, xenotime, rutile, elastic sandstone, iron ores, pyroinelane, tetrady- 
mite, montanite. 

Madison Co. — 20 mileH from Asheville, corundum, margarite, chlorite. 

Mkcklkniiuuo Co — Near Charlotte (lthea and ( ’athay mines) and elsewhere, chalcopyrite. 
gold; ohaleotrichite at McGinn’s mine; harnhardtite near Charlotte; pyrophyllite in Cot* 
ton Stone Mountain, diamond ; Flowe mine, selieclite, wolfruraite ; Todd’s Branch, mono * 
Mite, 

Mitchell Co. — Samarskite, pyrochloro •?). euxenite, columbite, muscovite . 

MONTGOMERY Co. - Steele’s mine, ripidolite, alhitc. 

Moore Co. — Cnrbonton, compact pyrophyllite 

How AN Co. —Gold Hill Mines, thirty eight miles northeast of Charlotte, and fourteen 
from Salisbury, gold, auriferous pyrite ; ten miles from Salisbury, feldqutr in crystals, bis • 
muthiuitr, 

Randolph Co. — Pyrophyllite. 

Ruthkhford Co . — Gold, graphite, hisnmihic gold, diamond, euclnse, psevdomorjltous 
ft tarts f, chalcedony, corundum in small cnstals. qridote. pyrofte, brookite, zircon, monazite. 
rathe rfordi to, sainarskite. quartz crystals, itacolumyte ; on the road to Cooper’s Gap. 
cyanite. 

Stokes and Shriiy Cos. - Iron ores, graphite. 

Union Co.- Lemmoml gold mine, eighteen miles from Concord (at Stewart’s and Moore’s 
mine), gold, quartz, blonde, argentiferous galunite (containing 211*4 oz. of gold and SO 5 oz. 
of silver to the ton, Genth), pyrite, some ehaleopvrite. 

Yancey Co. — Iron ores , amianthus, chromite, garnet (spessartite), samarskite. 


SOUTH CAROLINA. 

Abbeville. — Dirt. — O akland Grove, gold (I)orn mine), galenite, pyromorphite, amethyst, 
garnet. 

Anderson Dirt. — A t Pendleton, aetinolite , galenite. kaolin, tourmaline . 

Charleston .—Selenite. 

ClIlcoWKK Valley. —G alenite, tourmaline, gold. 

Chesterfield Dist. — Gold (Brewer’s mine), talc, chlorite, pyrophyllite, pyrite, native 
bismuth, carbonate of bismuth, red and yellow ochre, whetstone, enargite. 

Darlington. — Kaolin . 

Edgefield Dirt.— P silomelane. 

Greenville Dirt.— Galenite, pyromorphite, kaolin, chalcedony in bubratone, beryl, 
plumbago, epidote, ton matin c. 

Kershaw Dirt, - Untile. 

Lancaster Dirt. - Gold (Hale’s mine), talc, chlorite, cyanite, elastic sandstone, pyrite; 
gold also at Blackman’s mine, Massey’s mine, Ezell’s mine. 

Ladrknr Dirt. —Corundum, damourite. 

Nkwiikkry Dirt.— L eadhillite. 

Pickkn’r Dirt. — Gold, manganese ores, kaolin. 

Richland Dirt — Chiastolite. novaculite. 

Spartanburg Dirt.— Magnetite, chalcedony, h ma*ite ; at the Cowpens, limonite, gns pk iU 
limestone, copperas ; Morgan mine, leadhillite, pyromorphite, cerussite. 

Sumter Dirt. —Agate. 

UNION Dirt. — F airforest gold mines, pyrite, ehaleopvrite. 

fouc Dirt. — L imestones, whetstones, witherite. barite, tetradymite. 
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GEORGIA. 


Bunns and Scrtykn Cos.— Hyalite. 

Cherokee Co.— At Canton Mine, chaieopyrite, galenite, olausthollte, pin mbogum mite, 
oitchoockite, aretnopyrti*. lanthnnito, harried?, cantoaitf, pyromorphite, automolit*. suns, 
staurolite. cyanite ; at Ball-Ground. spodumone. 

Clark Co., near Clarksville.— Gold, jtrm dime, sircon, rutile, cyanite, hematite, garnet, 
quartz. 

Daub Co. — Halloysite, near Rising Fawn. 

Fannin Co — StnunMte / chaieopyrite. 

Habersham Co. — (told, py< ite, chaloopyrite, galenite, hornblende, garnet, quarts, kaolinite, 
soapstone, chlorite. rutile , iron ores, tourmaline, staurolite, sircon. 

Ham* C o. — Gold, quartz, kaolin, diamond. 

Hancock Co.— Agate, chalcedony. 

Heard Co. — Alolybditr , quarts. 

Lincoln Co. — Lazulite! ! rutile ! / hematite, cyanite. menace unite, pyt'ophyUitc, gold, 
ttaoolumyte rock 

Lownk Co. — Corundum. 

Lumpkin Co.— At Field’s gold mine, near Dahlonoga, gaht % tetradymiU pyrrhotite, chlorite, 
menaccanito, allauito, apatite. 

Rabun Co.— Gold, chancy ritf. 

8PAULDINO Co — Tetradyinite 

Washington Co., near Saundersville. - - WardUte , fire opal. 


ALABAMA. 

Bibb Co.. Centroville. — Iron orr *, marble, barite, coal, cobalt. 

Tuscaloosa Co. —Coni, galenite, pyriti*, vivianite, limonito, calotte, dolomite, cyanite, 
steatite, quarts crystals, manganese ores. 

Benton Co.— Antimonial load ore (boulangcrite?) 

Tallapoosa Co., at Dudleyville. — Corundum, spinel, tourmaline. 


FLORIDA. 

Near Tampa Bat.— L imestone, sulphur springs, chalcedony, carnelian, agate, sflioified 
shells and corals. 


KENTUCKY. 


Anderson Co.— Galenite. barite. 

Clinton Co.— Geodes of quartz. 

Crittenden Co.— G alenite, fluorite, cnlcite. 

Cumberland Co.— At mammoth Ca yyp*um rowttto ! calelte, stalactites, nitre, ep* 
somite 

Fayette Co. — Six miles N.E. of Lexington, galenite, barite, witherite, blende. 
LivrNOSTONE Co., near the line of Union Co.— Galenite, chaieopyrite, large rein of flnorit*. 
Mercer Co — At McAfee, fluorite, pyrite, caloite, barite, oelestite. 

Owen Co.— Galenite, barite. 


TENNESSEE. 

Brown’s Creek. — G alenite. blende, battle, oelestitc. 

Carter’s Co., foot of Bonn Mt. Si Mite, magnetite. 

Claiborne Co. —Calamine, galenite, smitbsonite, chlorite, steatite, magnetite. 

Cocke Co., near Brash Creek. — Cacoxcne ? kraurite, iron sinter, stilpnosiderite, brown 
hematite. 

Davidson Co. — Selenite, with granular and snowy g p*um, or alabaster, crystallised and 
compact anhydrite, fluorite in crystals? ealdte in crystals. Near Nashville, bloc etleetite , 
{crystallised, fibrous, and radiated), with barite in limestone. Haysbove*, galenite, blende, 
with barite aa the gangne of the ore. 

Dicuow Co. — Manganite, 
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Jefferson Co.— Calamine, galenite, fetid barite. 

Knox Co.— Magnesian limestone, native iron, variegated marbles! 

Mauby Co, —Wavellite in limeetone. 

Morgan Co.— Epsom salt, nitrate of lime. 

Polk Co., Ducktown mines, southeast corner of State. — Melaoonite, chaloopyrifce, pyrite, 
native copper, bomite, rutile, soisite, galenite, harrisite, alisonite, blende, pyroxene, tremoHle. 
t utphates of copper and iron in stalactites, allophane, rahtite, ohaloocite (duoktownite), chat* 
ootrichite, ox u rite, malachite, pyrrhotite , limonite. 

Eoan Co., eastern declivity of Cumberland Mts. — Wavellite in limestone. 

Sevier Co., in caverns. — Epsom salt, soda alum, saltpetre, nitrate of lime, breoda marblef 
Smith Co.— Fluorite. 

Smoky Mt., on declivity. — Hornblende, garnet, staurolite. 

White Co.— Nitre. 


OHIO. 

Bainbridgb (Copperas Mt., a few miles east of B.). — Calcite, barite, pyrite. copperas, 
alum. 

Canfield.— Gypsum ! 

Dock Cheek, Monroe Co.— Petroleum. 

Lake Erie. — S trontian Island, oelestite ! Put-in Bay Island, ce'rstite ! sulphur! calcite. 

Li V Kiun >ol. —Petroleum. 

Marietta. — Argillaceous iron ore ; iron ore abundant also in Scioto and Lawrence Cos. 
Ottawa Co. — Gypsum. 

Poland. — Gyj*um / 


MICHIGAN. 

Brest (Monroe Co.). — Oaldfe, amethystine quartz, apatite, celestite. 

Grand Rapids. — Selenite, fib. and granular gypsum, calcite , dolomite , anhydrite. 

•Lake Superior Mining Region. — The four principal regions are Keweenaw Point, Isle 
Royal e, the Ontonagon, and Portage Lake. The mines of Keweenaw Point are along two 
ranges of elevation, one known as the Greenstone Range, and the other as the Southern or 
Bohemian Range (Whitney). The cooper occurs in the trap or amygdaloid, and in the asso- 
ciated conglomerate. Native copper ! native silver ! chalcopyrite, bom silver, tetrahedrite, 
manganese ores, epidote, prehnite , lavmontite , datoHte , henlondite, ortboclase, an a! cite , cha- 
basite, compact datoHte, chrysocolla, mesotype (Copper Falls mine), leonhardite { ib.), anal cite 
(ib.), apophyllite, (at Cliff mine), tPoflaaton.it e (ib. ), calcite, quartz (in crystals at Minnesota 
mine), compact datoHte, orthoclase (Superior mine), aaponite , melaconite (near Copper Har- 
bor, but exhausted), chiysooolla ; on Chocolate River, galenite and sulphide of copper; chal- 
oopyrite and native copper at Presq’ Isle ; at Albion mine, domeykite ; at Prince Vein, barite \ 
ca'cite. amethyst; at Michipicoten Ids., copper nickel, stilbite, onalcite ; at Albany and Bos- 
ton mine. Portage Lake, prehnite , annldie , orthoclase , cuprite ; at Sheldon location, domey- 
kite, whitneyite , algodmite ; IsleRoy&le mine, Portage Lake, oompact datolite ; Quincy mine, 
oaloite, compact datolite. At the Spurr Mountain Iron mine (magnetite), chlorite pseudo- 
morph after garnet. 

Marquette. — Manganite, galenite ; twelve miles west at Jackson Mt . and other mine*, 
hematite , limonite , gdthite ! magnetite, jasper. 

Monroe. — Aragonite, apatite. 

Point aux Pkaux (Monroe Co.). — Amethystine quarts , apatite , oelestite, calcite. 

Saginaw Bay. — At Alabaster, gypsum . 

Stony Point (Monroe Co.). — Apatite, amethystine quarts, oelestite, calcite. 


ILLINOIS, 

Gallatin Co., on a branoh of Grand Pierre Creek, sixteen to thirty miles from Shawnee* 
Iowa, down the Ohio, and from half to eight miles from this river. — Vio'et fluorite ! in oaf* 
boaiferous limestone, barite, galenite, blende, brown iron ore. 

Hancock Co. — At Warsaw, quarts geodes! containing caldte! chalcedony , dolomite. Mends $ 
brown spar, pyrite, aragonite, gypsum, bitumen. 

* Bee also Pumpelly ; on the Paragenesi a of copper and its associate minerals m Lake 
Superior Am. J, SeL, III*, 17. 
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Hardin Go. — Hear Roaiclate. ealeitt, galenite, blende ; fire mile* bade from Elisabeth 
(own, bog- iron ; one mile north of the river, between Elizabethtown end Roeieiare, nitre. 

Jo Davies Co.— At Galena, galenite, calcite, pyrite, blende; at Marsden's diggings, gafen* 
iU ! blende, mrumite, marcoaite in atalaotitio forms, pyrite. 

Joliet. —Marbte. 

Q 0 INCY . — Calcite / pyrite. 

Scales Mound.— Barit*, pjrite. 


INDIANA. 

Limestone Caverns; Corydon Caves, eto— JS/teom mU. 

Inmost of the southwest counties, pyrite, iron tuljthale, and feather (Hum; on Sugar 
Creek, pjrite and iron eulphate / m sandstone of Lloyd Co., near the Ohio, gypeutn / at thf 
top of the blue limestone formation, brown wfutr, calcite. 

Lawrence Co.— Spice Valle, kaolinite ( — indiauaite). 


MINNESOTA. 

North SnoRE of L. Superior) range of bills running nearly northeast and southwest* 
extending from Fond du Lac Superieure to the Kamantstiqueia River in Upper Canada).— 
SooteciU. apophyllite , prehnite, *tiU/itf, Uiumontite , heulawlite, hitrmob'me, thoinsonite, fluoriU t 
barite \ tourmaline , epidote , hornblende, caloite, quartz crystal*. pjrite, magnetite, stea- 
tite, blende, black oxyd of copper, malachite, native oopper, chalcopyrite, amethystine 
quarts, ferruginous quartz, cfndeetimy, cornelian, agate, drusy quarts, hyalite Y fibrous quarts, 
jasper, prose (in the debris of the lake shore), dogtooth, spar, augito. native silver, spodumenef 
chlorite ; lietweeu Pigeon Point and Fond du Lac, near Baptism River, naponite (thalite) in 
amygdaloid. 

Kettle River Trap Ranoe.— E pidote, nail-head calcite, amethystine quarts, caloite, 
undetermined zeolites, saponite. 

8TILLWATER. —Blende . 

Falls of tiie St. Croix.— M alachite, native copper, epidote, nail-head spar. 

Rainy Lake — Actinolitc, tremolite, fibrous hornblende, garnet, pyrite, magnetite, steatite, 


WISCONSIN. 


BlO Bull Falls (near). —Bog iron. 

Blue Mounds. —Ceru twite. 

Hazle Green.— C alcite. 

Lac Du Flambeau R.— Garnet, cyanite. 

Left Hand R. (near small tributary). — Malachite, chaloodto, native copper, red ooppe » 
ore, earthy malachite, epidote, chlorite T quartz crystals. 

Linden.— tfo/mifi, emitheonite, hydrotineile. 

Mineral Point and vicinity. — Copper and lead ores, cbrysocolla, aeuritef chaloopyrifce. 
malachite, galenite, cerussite, anglesite, blende, pyrite , barite, caleite . marcamte, emithxmiU / 
(so-called “ dry-bone”). 

Montreal River Portage. - Galenite in gneissoid granite. 

Sank Co. — H ematite, malachite, chalcopyrite. 

Shullsburg.— Galenite/ blende, pyrite ; at Emmets digging, galenite and pyrite. 


IOWA. 

Du Buque Lead Mikes, and elsewhere. — Galenite / calcite, blende , black oxide of man* 
ganese ; at Ewing’s and 8herard’s diggings, emWmonite , cala min e ; at Des Moines, quarts 
crystals, selenite ; Makoqoeta R., brown iron ore ; near Durango, galenite. 

Cedar River, a branch of the Dee Moines — Selenite in crystals, in the bituminous shale 
if the coal measures ; also elsewhere on the Des Moines, gypsum abundant ; argillaceous 
iron ore* spathic iron ; copperas in crystals on the Des Moines, above the Mouth at flea? 
and elsewhere, pyrite \, blende. 

Fort Dodge.— CdettUe. 

Maxoqukta. — H ematite. 

Mew Galena. —Octahedral galenite, angieeM* 
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MISSOURI. 

BiRif Ingram. — Limoni te. 

Guanby .—Sphalerite, galenite , calamine, green ockite. as a coating on sphalerite. 

Jefferson Co., at Valle’s diggings. — Galenite , eerussite , anglesite, calamine, chaloopy 
rite malachite, azurite, witherite. 

Mink <fc Burton. — Galenite , cerumte , anglrtite . barite , calcite. 

Dkkp Diggings. — Malachite, cerumte in crystals and manganese ore. 

Madison Co. — Wolframite. • 

Mink La Mottk — Galenite ! malachite, earthy cobalt and nickel ', bog manganese, snlph- 
ide of iron and nickel, cerumte , caledonite, plumbogammite, wolframite, eiegenite , sinaltite, 
aragonite. 

St. Louis. — MUlerite , calcite, dolomite, earthy barite, fluorite. 

St. Francis Rivkr —Wolframite. 

Perry’s Diggings, and elsewhere. — Galenite, etc. 

Forty miles west of the Mississippi and ninety south of St. Louis, the iron mountain!, 
specular iron, limonite ; 10 m. east of Iron ton, wolframite, tungstite. 


ARKANSAS. 

Batrsvillk. — I n bed of White It., some miles above Batesville, gold. 

Green Co. — Near Gainesville, lignite. 

Hot Springs Co. — At Hot Springs, wavellite , t.huringite ; Magnet Cove, brookite! sckor - 
lomite , elsvoUte, magnetite, cpiartz, green coccolite, garnet, apatite, perofsfdte (hydrotitanite), 
rutile, ripidolite, thomsonite (ozarkite), microcline, asgirite. 

INDEPENDENCE Co.— Lafferay Creek, psilomelane. 

Lawrknck Co. — nopjw*, Rath, and Koch mines, nmitheonite , dolomite, galenite; nitre. 

Marion Co. — Wood’s mine, smithsonite, hydrozincite (marionifce), galenite ; Poke bayon, 
hrannitet 

Ouachita Springs.— Quartz? whetstones. 

Pulaski Co.— Kellogg mine, 10 m. north of Little Rock, tetrahednte , tennantite , nacrite 
guleoite, blonde, quartz. 


CALIFORNIA. 

The principal go'd mine* of California are in Tulare, Fresno, Mariposi, Tuolumne. Cala- 
veras, El Dorado, Placer, Nevada. Yuba, Sierra. Butte, Plumas, Shasta, Siskiyou, and Del 
Norte counties, although gold is found in almost every county of the State. The gold o<*cur» 
in quartz, associated with sulphides of iron, copper, zinc, and lead ; in Calaveras and Tuo- 
lomne counties, at the Mellones, Stanislaus, Golden Rule, and Rawhide mines, associated 
with tellurides of gold and silver ; it is also largely obtained from plooer diggings, and further 
It is found in beach washings in Del Norte and Klamath counties. 

The copper mince arc principally at or near Copperopolis, in Calveras county ; near Genesee 
Valley, in Plumas county ; near Low Divide, in Del Norte county ; on the north fork of 
Smith’s River ; at Soledad, in Los Angeles county. 

The mercury mine * are at or near New Ahnaden and North Almaden, in Santa Clara county; 
at New ldria and San Carlos, Monterey county ; in San Luis Obispo county ; at Pioneer 
mine, and other localities in Lake county ; in Santa Barbara county. 

Alpine Co. — Morning Star mine, enargite , stephanitc, polybasite, barite, quarts, pyrite, 
tetrahedite. 

Amador Co. — At Volcano, chalcedony, hyalite . 

Alameda Co. — Diabolo Range, magnesite 

Buttk Co. — Cherokee Flat, diamond, platinum, iridosmine. 

Calaveras Co. —Copperopolis, etm'eapyrUe. malachite, a turtle, terpentine , picrvlite , native 
oopper, near Murphy’s, jasper, opal ; albite, with gold and pyrite ; Mellones mine, oalaceritt, 
pettiteu 

Contra- Cost A Co.— San Antonio, ohaloedony. 

Del North Co.— Crescent City, agate, oarnelian ; Low Divide, chaloopyrite, bornite. 
malachite ; on the ooant, iridosmine, phP ; nu*r. 

El Dorado Co.— Pilot Hill, ohaloopyrifo , near Georgetown, hsssite. from planer dig- 
lings; Roger’s Claim, Hope Valley, gromtlar garnet , in oopper ora; Coloma ekremitt , 
Spanish Dry Diggings, gold; Granite Creek, roaooelita, gold. 
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Mmo Oo. — Cbowchillsa, andahmte 

HUMBOLDT Co. — Cxyptomorphite. 

Inoo Oo.— Ingo district, galenite, certmite, angled te, barite, ataoamite, osteite, qtossula t 
*onut/ 

Lake Oo. — Borax Like, barm/ sassolite, glattborite ; Pioneer mine, cinnabar, native mar* 
cmj, eelonide of mercury ; near the Geysers, sulphur, hyalite ; Redington mine, raetadnno- 

Los Akoei.es Co.— Near Santa Anna River, anhydrite ; Williams Pass, ohaloedony; 
Bdedad mines, chaloopyrite, garnet , gypsum ; Mountain Meadows, garnet, in oonper ore. 

Mariposa Co.— Chaloopyrite, itaoolumyte; Centrcville, cinnabar; Pine Tree Stine, tetra- 
hedrite ; Burns Creek, limonite ; Geyer Gulch, pyrophyUite ; La Victoria mine, aswrite / near 
Coulterville, cinnabar t gold . 

Mono Co. — Partrite. 

Monterey Co. — Alisal Mine, arsenic ; near Pan echos, chalcedony ; New Idria mine, cin- 
nabar ; near New Idria, chromite, z&ratite, chrome garnet; near Pacheco's Poes, stibnfte. 

Nevada Co. — Grass Valley, gold/ in quarts veins, with pyrito, chaloopyrite, blende, 
anenopyrite, galenite, quart*, biotite ; near Truokee Pass, gypsum ; Excelsior Mine, molyb- 
denite, with molybdenite and gold ; Sweet Land, pyrolusito. 

PLACER Co.— Miner's Ravine, cjndote ! with ouart *, gold, 

Plumas Co. — Genesee Valley, chaloopyrite ; Hope mines, bornitt t, sulphur. 

Santa Barbara Co. — San Amedio Cafton, stibnite, asphaltum, bitumen, maltha, petro- 
leum, cinnabar, iodide of mercury ; Santa Clara River, sulphur. 

San Diego Co. — C&risso Creek, gypsum ; San Isabel, tourmaline, orthoolase, garnet. 

Ban Francisco Co. — R ed Island, pyrolusite and manganese ores. 

Santa Clara Co. — New Altnadeti, cinnabar , catcite, aragonite , serpentine, ohrysolite, 
quarts, aragotite ; North Almaden, chromite *, Mt. Diabolo Range, magnesite, datolite, with 
veeuvianite and garnet. 

San Luis Obispo Co.— A sphaltum, cinnabar, native mercury. 

San Bernardino Co. — Colorado River, agate, trona ; Temesoal, oassiterite ; Russ Dis- 
trict, galenite, oerusoite ; Francis mine, corargyrite. 

Shasta Co. — N ear Shasta City, hematite, in large masses. 

SISKIYOU Co. — S urprise Volley, selenite, in large slabs. 

Sonoma Co. — A ctinolite, garnets. 

TULARE Co. — N ear Visalia, magnesite, asphaltum. 

Tuolumne Co.— T ourmaline, tremolito; Sonora, graphite; York Tent, chromite; Golden 
Rule mine, petzite, calacerite , altaite, hessite, magnesite, tetrahedrite, gold ; Whiskey Hill 
gold/ 

TRINITY Co. — Oassiterite, a single specimen 'found. 


LOWER CALIFORNIA. 

La Pan. — C nprosoheelite. Loretto.— N atrolite, aiderite, selenite. 


UTAH. 

BEAVER Co — Bismuthinite, bismite, biamutite. 

Txntic District. — At the Shoebridge mine, the Dragon mine, and the Mammoth vein, 
margite with pyrite. 

Box Elder Co.- Empire mine, wulfsnite ! 

In the Wahsatch and Oqnirrh mountains there are extensive mines, especially of ores of 
lead rich in silver. At the Emma mine oocur galenite, cervantite, cerussite, wulfenite, 
asurite, malachite, calamine, anglesite, linarite, sphalerite, pyrite, argentite, stephanite, 
etc. At the Lucky Boy mine, Butterfield Cadon., orpiment, realgar. 

Qua hundred and twenty miles south-west of Salt Lake City, topaz has been found in color 
ls««ystals. 


NEVADA. 


Carbo n Valley.— C hrysolite. 

Churchill Co. — Near Ragtown, gay-ltiztite, trona, common salt. 

Comstock Lode. — Gold, notice silver, argentite, stephanite, polvbasite , py rar g vrite, proas 
Hte» tetrahedrite, cerargyrite, pyrite, chaloopyrite, galenite, blende, pyromorphite, allemo* 
Hta, arsenolite, quarts, osteite, gypsum, cerussite, cuprite, wulfenite, amethyst, kdstalite. 

32 
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Esmeralda Co. — Alain, 12 m. north of Silver Creek ; at Aurora, fluorite, stibnite ; neaa 
Mono Lake, native copper and cuprite, obsidian ; Columbus district, ulexite ; Walker Lake, 
gypsum, hematite ; Silver Peak, fait, saltpetre, sulphur, silver ores. 

Humboldt District. — Sheba mine, native silver, jameaonite, stibnite, tetrahedrit a, proas- 
tite. blende, cerassite, calcite, boumonite, pyrite, galenite, malachite, xanthoeone (?) 

Mammoth District. — C hthoclase , turquois, hubnerite , scheelite. 

Ekkse River District.— Native silver, proustite, pyrargyrite , stephanite, blende, poly- 
basite, rhodochrosite, embolite, tetiahedrite 1 oerargyrite, embolite. 

San Antonia. — Belmont mine, stetefeldtite. 

Six Mile CaSon. — Helenite. 

Ormsbt Co.— W. of Carson, epidote. 

Storey Co. — Alum, natrolite, scolezite. 


ARIZONA. 

On and near the Colorado, gold, silver, and copper mines ; at Bill Williams’ Fork, ohry- 
socolla. malachite, atacamite, brochantite ; Dayton Lode, gold, fluorite, oerargyrite | Skinner 
Lode, octahedral fluorite ; at various places in the southern part of the territory, silver and 
copper mines ; Heintzelmann mine, stromcyerite, chalcocite, tetrahedrite, atacamite. Mont- 
gomery mine, Harsayampa Diet , tetradymite. Whitneyite, in Southern Arizona. 


OREGON. 

Gold is obtained from beach washings on the southern coast ; quartz mines and placet 
mines in tho Josephine district ; also on the Powder, Burnt, and John Day’s rivers, and othei 
places in eastern Oregon ; platinum, iridosmine, laurite, on the Rogue River, at Port Oxford, 
and Cape Blanco. In Curry Co. , prioeite. 


IDAHO. 

In the Owyhee, Boise, and Flint districts, gold, also extensive silver mines ; Poor Man Lode, 
oerargyrite/ proustite, pyrargyrite/ native stiver, gold , pyromorphite, quartz, malachite* 
polybasite ; on Jordan Creek, stream tin ; Rising Star mine, stephanite , argentite , pyrargy 
rite. 


MONTANA. 

Many mines of gold, etc., west of the Missouri R. Highland District. — Tetradymite 
Silver Star Dist.— Psittaoinito. 

In the Yellowstone Park, in Montana and Wyoming Territories. — Oeyserite. — Amethyst 
chalcedony, quartz crystals, quartz on calcite, etc. 


COLORADO * 

The principal gold mines of Colorado are in Boulder, Gilpin, Clear Creek, and Jefferson 
Cos., on a line of country a few miles W. of Denver, extending from Long’s Peak to Pike’s 
Peak. A large portion of the gold is associated with veins of pyrite and chalcopyrite ; silver 
and lead mines are at and near Georgetown, Clear Creek Co. , aid to the westward in Sum- 
mit Co., on Snake and Swan rivers. 

At the Georgetown mines are found native silver, pyrar g y ri te, argentite, tetrahedrite, 
pyromorphite, galenite, sphalerite, azurite, aragonite, barite, fluorite, mioa. 

Trail Creek.— Garnet, epidote, hornblende, chlorite ; at the Freeland Lode, tetrahedrite, 
tennantite, anglesite, caledonite, ocruasite, tenorite, aiderite, azurite, minium ; at the Cham- 
pion Lode, tenorite, azurite, chrysocolla, malachite; at the Gold Belt Lode, vivianite; at 
the Kelly Lode, tenorite ; at the Coyote Lode, malachite, cyanotriohite. 

Hear Black Hawk. — At Willis Gulch, enargite, fluorite, pyrite ; at the Gilpin County 
Lode, oerargyrite ; on Gregory Hill, feldspar; North Clear Creek, lievrite. — Galenite l 


• See the Catalogue of Minerals at Colorado by J. Aldan Smith. 
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Bear Creek. —Fluorite, beryl ; near the Malachite Lode, vtalaehite, ci tpriU, vesuvtanifo 
topazolite ; Liberty Lode, chalcocite. 

Snake River. — Penn District, embolite ; at several lodes, pyrarjryrite, native silver, 
azurite. ** * * 

Russell District. — Delaware Lode, chalcopyrite, crystallised gaUmite . — Epidote, pyrita 
Virginia CaSon. — Epidote, fluorite ; at the Crystal Lodo, native silver, spinel. 

Sugar Loaf District. — Chalcocite, pyrrhotite, gurnet (nmnganesian). 

Central City. — Garnet, fcecorite; at Leavitt Lode, molylalenito; on Gunnell Mill, mag 
netite ; at the Pleasantview mine, cemssite. 

Golden City. — Aragonite. 

Bergen's Ranch b. — Garnet, actinolite, calcite. 

Boulder Co., Red Cloud Mine. — Native tellurium, altoite, hessite (petsite), sylvanite, 
calaverite, schirmerite. ' 

Lake City, at the Hotchkiss Lode. — Petsite, calaverite (?), etc. 

Pike's Peak, on Elk Creek . — Amazonstone J / smoky quart*/ a vent urine feldspar, am# 
thyst, dibit* , fluorite, hematite, anhydrite (rare), coluinbite. 

CANADA. 

CANADA EAST. 

Abercrombie. — Labradorite. 

Bay St. Paul .—Afennaocanif* / npatito, nllanite, rutile (or brookito ?) 

AUBERT. — Gold, iridosmine, platinum. 

Bolton. — Chromite, magnesite, serpentine, picrolito, steatite, bitter spar, wad. 
BOUCIIERVILLK.— Augite 'm trap. 

Bkomk. — Magnetite, chalcopynte, sphene, mcnaccanito, pbyllite, sod all to, oanortuft#, 
galenite, chloritoid. 

Ohambly. — Analcite, chabazite and calcite in trachyte, menaced nit e. 

Chateau Richer. — Labradorite, hypersthene, andesite. 

Daillebout. — B lue spinel with clintonite. 

Grenville. — W ollastonite, sphene, vesuvianite, oalcite, pyroxene, steatito ( missel aorite), 
garnet (cinnamon-stone), zireon, graphite , scajpoUfe. 

Ham. — C hromite in seri>eutme, diallage, antimony! senarmontite ! kemiesite , ralentinite, 
stibnite. 

Inverness. — Varh gated eopper. 

Lake St. Francis. — AniUUusite in mica slate. 

Landsdown. — Ik trite. 

Leeds. — D olomite, chalcopyrite, gold, M/riteriel. 

Mills Isles. — Labradf/rit • ! menaccanite, hypersthe.no, andesite, tireon. 

Montreal. — Calcite, augite, sphnno iu trap, chrysolite, natrohte, dawsonite. 

Morin. — Sphene, apatite, labradorite. 

Orford. — W hite garnet, chrome gar net , miller ite, serpentine. 

Ott a wa. — Pyroxene* 

Polton. — C hromite, steatite, serpentine, amianthus, 

Rouoemont. — A ugite in trap. 

Shkubrook. — A t Suffleld mine, albite ! native silver, argenfcite, chalcopyrite, blende. 

St. Arm and. — Micaceous iron ore with quartz, epidote. 

St. Francois Brauck, — Gold, platinum, iridosmiue, menaccanite, magnetite, serpentine, 
chromite, soapstone, barite. 

St. Jerome. — Sphene, apatite, chondroditc, phlogopite, tourmaline , zircon , molybdenite, 
pyrrhotite. 

St. Nor bert. — A methyst In greenstone. 

Stukeley. — S erpentine, verd-antiqne ! schiller spar, 

Sutton.— Magnetite in fine crystals, hematite, rutile, dolomite, magnetite , chromiferoni 
tale, bitter spar, steatite. 

Upton. — Chalcopyrite, malachite, calcite. 

Vaudrbuil.— Limonite, vivian ite. 

Y amaska. — 8phene in trap. 


CANADA WEST. 


Arnpriob. —Calcite. 

Balsam Lake. — Molybdenite , scapolite, qnartz, pyroxene, pyrite. 

Brantford. — S ulphuric acid spring <4*2 parte of pure sulphuric acid in 1000). 
Bathurst.— B arite, black tourmaline, perthitc (orthoclase), peristerite (albite), bytavmte , 
pyroxene, wilsonite, scapolite, apatite, titanite. 
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Bbockyille. —Pyrite. 

Bbome.— M agnetite. 

Bruce Mines.— Colette, dolomite, quartz, chalcopyrite. 

Burgers. — I*yroxene, albite, mica, sapphire , sphene, chalcopyrite, apatite, black spinel J 
spodomene (in a boulder), serpentine, biotite. 

Bytown.— Calcite, bytoumite, chondrodite, spinel 
Cape Ipperwash, Lake Huron. — Ozalite in shales. 

Clarendon. — Vesuvianite. 

Dalhoubik.— H ornblende, dolomite. 

Drummund. — Labradorite. 

Elizabethtown. — Pyrrhotite, pyrite, calcite, magnetite, talc, phlogopite, siderite, apa- 
tite, cacoxenite. 

Elmsey. — P yroxene, sphene, feldspar, tourmaline, apatite, biotite, zircon, red spinel, 
chondrodite. 

Fitzroy. — Amber, brown tourmaline, in quartz. 

CkETlNEAU River, BlasdelTs Mills. — Calcite, apatite, tourmaline, hornblende, pyroxene. 
Grand Calumet Island, — Apatite, phlogopite. / pyroxene ! sphene, vesuvianite I ! serpen* 
tine, tremolite, seapolite , brown and black tourmaline ! pyrite, loganite. 

Hion Falls of the Madawabka .—Pyroxene! hornblende. 

Hull. — Magnetite, garnet, graphite. 

Huntekstown. — i&cajtolite, sphene, vesuvianite, garnet, brown tourmaline! 

Huntinoton. — Calcite! 

INNISKILLKN. —Petroleum. 

Kingston. — Celestite. 

Lac dks Ciiats, Island Portage. — Brmrn tourmaline! pyrite, calcite, quarts. 

Lanark. — Raphilite (hornblende), serpentine, asbestos. 

LANDBTOWN. — Barite! vein 27 in. wide, and fine crystals. 

Madoc. — Majpietite. 

Mamoiia. — M agnetite, chalcolite, garnet, epsomite, specular iron. 

Maim anhk. — lHtchblende (coraci te . 

McNab. — H ematite, barite. 

MicuiricoTKN Island, Lake Superior.— Domeykite, niccolite, genthiU . 

Nkwbobougil— Chondrodite, graphite. 

Packicnham . — Hornblende. 

Perth. — A patite in large l>edB. phlogopite. 

South Crosby. — Chondrodite in limestone, magnetite. 

St. Adklk.— C hondrodite in limestone. 

St, Ignack Island. — Calcite, native copper. 

Sydenham. —C oloBtite. 

Terrace Cove, Lake Superior. — Molybdenite. 

Wallace Mink, Lake Huron. — Hematite, nickel ore, nickel Yitriol. 


NEW BRUNSWICK* 

Albert Co. — Hopewell, gypsum ; Albert mines, coal (albertifce) ; Shepody Mountain, 
alunite in clay, calcite, iron pyrites, manganite, peilomelane, pyrotvsite. 

Carleton Co. — Woodstock, chalcopyrito, hematite, limonite, wad. 

Charlotte Co. — Campobello, at Welchpool, blende, chalcopyrite, bomite, galenite, 
pyrite ; at head of Harbor de Lute, galenite ; Deer Island, on west side, calcite, magnetite, 
quarts crystals; Digdignaah River on west side of entrance, calcite! (in conglomerate), 
chalcedony; at Rolling Dam, graphite; Grandmanan, between Northern Head and Dark 
Harbor, agate, amethyst, apojrftyllite, calcite, hematite, heul&ndite, jasper, magnetite, natro- 
lifce, stilbite ; at Whale Cove, ca Idle ! houlandite, laumontite. stilbite, semi-opal ! Wagagna- 
davio River, at entrance, azurite, chalcopyrite in veins, malachite. 

Gloucester Co.— Tete-a-Gouche River, eight miles from Bathurst, chalcopyrite (mined), 
cockle of manganese! ! formerly mined. 

Kings Co. — Sussex, near Cloat's mills, on road to Belleiale, argentiferous galenite ; one 
mile north of Baxter’s Inn, specular iron in crystals, limonite ; on Capt. McC ready’s nrm, 
edrntte! / 

Rebtigouohe Co.— Belledune Point, calcite / serpentine, terd-anUgue ; Dalhouaie, agate, 
cornelian. 


• Fox a more complete list of localities in New Brunswick, Nova Scotia, and Newfound 
land, see catalogue by 0* C. Marsh, Am. J. Sol, XL xxxv. 210, 1868. 
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SAOT John Co.— Black River, on ooast, calotte, chlorite, chaJoopyrtte, k* snatite! Brandy 
Brook,epidote, hornblende, quarts crystals ; Carle ton, near Falla, caloibe : Chance Harbor, 
tamtem quartz veins, chlorite in argillaceous and talooee slate; Little Dipper Harbor, on 
•reet aide, in greenstone, amethyst, barite, quarts crystals ; Mooeepath, feldspar, hornblende, 
musoovite, black tourmaline ; Musquash, on east side harbor, copperas, graphite, pyrite ; at 
Shannon's, chrysolite, serpentine ; east side of Musquash, quart* crystal* / / Portland, at 
the Falls, graphite ; at Fort Howe Hill, calcite, graphite ; Crow’s Nest, aabeatus, chrysolite, 
magnetite, serpentine ; steatite ; Lily Lake, white augite ? chrysolite, graphite, serpentine 
steatite, talo; How’s Road, two miles out, epidote (in syenite), steatite in limestone, tremo 
me; Drury’s Cove, graphite, pyrite, pyrallolite ? indurated t&lo ; Quaoo, at Lighthouse Point, 
large bed oxyd of manganese; Sheldon’s Point, actinolite, asbestus, oaloite, eyndote, mala- 
chite, specular iron ; Cape Spenser, asbestus, cal cite, chlorite, specular iron (in crystals) ; 
West beach, at east end, on Evans’ form, chlorite, talo, quarts crystals ; half a mile west, 
chlorite, ohaloopyrite, magnesite (vein), magnetite ; Point Wolf and Salmon River, asbestus, 
chlorite, chrysooolla, chalcopyrite, bomite, pyrite. 

VlOTOBrA Co. — Tabique River, agate, cornelian , jasper ; at mouth, south side, galenite ; 
at month of Wapskanegan, gypsum, salt spring ; three miles above, stalaotites (abundant); 
Quisabis River, blue phosphate of iron, in clay. 

WESTMORELAND Co. — Bellevue, pyrite; Dorcester, on Taylor’s farm, oannel ooal ; day 
ironstone; on Ayres’s form, asphaltum, petroleum spring; Grandlance, apatite, selenite (in 
large crystals); Memramoook, coal (olbertite) ; Shodiao, four milos up Soadotte River, ooal. 

York Co. — Near Fredericton, stibnitc, jainesonite, borthierite ; Pokiook River, stibnito, 
tin pyrites? in granite (rare). 


NOVA SCOTIA 

Annapolis Co.— Chute’s Cove, ajxyhyllite, natrolite; Oates’ Mountain, analcite, magne- 
tite, mesofite! natrolite , stilbito ; Martial’s Cove, anal rite ! chahasite, heulandite ; Moose 
River, beds of magnetite; Nictau River, at the Falls, bed of hematite ; Paradis** River, black 
tourmaline, smoky quartz! ! ; Port George, furiVlite, lammuitite, mesolite, stilbito ; cast of 
Port George, on coast, apophyllito containing gyrolite ; Peter’s Point, west side of Stonock’s 
Brook, apophyllite ! culcite, heulauditc, It turnout itc ! (ulmndoxit), native oopjHsr, stilbito ; St. 
Croix Cove, chabazite, heulauditc. 

Colchester Co. — Five Islands, East River, barite! calcite, dolomite (ankerite), hematite, 
chalcopyrite; Indian Point, malachite, magnetite, red copjier, tetrahedrito ; Pinnacle Ishunls, 
anal cite, calcite, chabazite! natrolite, siliceous sinter; Iiondonderry, on branch of Great 
Village River, barite , ankerite, hematite, lirnonifce, miqpietite; Cook’s Brook, ankerite, hema- 
tite; Martin’s Brook, hematite, limonite; at Folly River, below Falls, ankerite. pyrite } on 
high land, east of river, ankerite, hematite, limonite; on Archibald’s laud, ankerite, barite t 
hematite ; Salmon River, south branch of, chalcopyrite, hematite ; Hhubenacadie River, 
anh ydrite, calcite, barite , hematite, oxide of mangunese ; at the Canal, pyrite ; Htewiaeke 
River, barite (iu limestone). 

Cumberland Co. — Cape Chiegnccto, barite; Cape D'Or, anal cite, ajH/jrhyflile ! ! chaba- 
rite, faroelite, laumontite, mesoUle, malachite, natrolite , native cofvpcr, obsidian, red copper 
(rare), vivianite (rare) ; Horse shoe Cove, east side of Caj>e D‘Or, analcite, calcite, stilbite; 
Isle Haute, south side, a mil cite, apojthyllite ! ! calcite, heulandite! ! natrolite, racsollte, stil • 
bite! Joggins, coal, hematite, limonite; malachite and tetrahedrite at Seaman’s Brook: 
Partridge Island, an&lcite, apojjhyHite! (rare), amethyst! agate, apatite (rare), calcite! I 
chabazite (acadialite;. chalcedony, eatVcyo (rare), gypsum, hematite, heulandite ! magne- 
tite, stilbite! ! ; Swan’s Creek, west side, near the Point, calcite, gypsum, heulandite , pyrite : 
east side, at Wasson’s Bluff and vicinity, analcite! ! apophyllite! (rare/, calcite . dvibnzite! / 
(acadialite), gy psum, heulandite ! ! natrolite! siliceous sinter; Two Islands, moss agate, 
analcite, calcite, chabazite, heulandite ; McKay’s Head, analcite, calcite, heulandite, sUiceous 
sinter ! 

Diobt Co.— Brier Island, native copper, in trap; Dlgby Neck, Bandy Cove and vicinity, 
agate , amethyst , calcite , chabazite, hematite! laumontite (abundant;, magnetite, stilbite . 
quartz crystals; Gulliver’s Hole, magnetite , stilbite! ; Mink Cove, amethyst, chabazite} 
quartz crystals; Nichols Mountain, south side, amethyst , magnetite! ; Williams Brook, 
Bear source, chabazite (green), heulandite, stilbite, quartz crystal. 

Guysboro’ Co.— Cape Canseau, andalu&iU . 

Halifax Co.— Gay’s river, galenite in limestone ; southwest of Halifax, garnet, staurolite, 
tourmaline: Tangier, gold! in quartz veins in clay slate, associated with auriferous pyrites, 
galenite, hematite, mispickel, and magnetite ; gold has also been found in the same form* 
tion, at Country Harbor, Fort Clarence, Isaac’s Harbor, Indian Harbor, Laidlow’a form 
Lawreneetown, Sherbrooke, Salmon River, Wine Cove, and other places. 
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HANTS Co. — C heverie, oxide of manganese (in limestone) ; Petite River, gypsum, oxide of 
manganese ; Windsor, calcite, cryptomorphite (boronatrocaldte) , howlite, glanber soil The 
last three minerals are found in beds of gypsum. 

Kings Co. — Black Book, central lassite, cerinite ; cyanolite ; a few miles east of Black 
Bock, prehnite ? stilbite / ; Cape Blomidon, on the coast between the cape and Cape Split, 
the following minerals occur in many places (some of the best localities are nearly opposite 
Cape Sharp) : analeiU! ! agate, amethyst ! apophyllite ! c&lcite, chalcedony, chabaxite, gme* 
Unite (ledererite), hematite, heulandite / laumontite, magnetite, malachite, mesolite , native 
copper (rare), natroHte / psilomelane, stUbite ! thomsonite. faroelite, quartz; North Moun- 
tains, amethyst, bloodstone (rare), ferruginous quartz , mesolite (in soil) ; Long Point, five 
miles west of Black Bock, heulandite , laumontite ! / stilbite ! ! ; Morden, apophyllite, mor - 
denite ; Scots Bay, agate, amethyst, chalcedony, mesolite, natrolite ; Woodworth's Cove, a 
few miles west of Scot's Bay, agate l chalcedony ! jasper. 

Lunenburg Co. — Chester, Cold Biver, gold in quartz, pyrite, mispickel ; Cape la Have, 
pyrite ; The “ Ovens, ” gold , pyrite, arsenopyrite ; Petite Biver, gold in slate. 

PiCTOU Co. — Pictou, jet , oxide of manganese, limonite ; at Roder's HUl, six miles west of 
Picton, barite ; on Oarribou Biver, gray copper and malachite in lignite ; at Albion mines, 
coal, limonite ; East Biver, limonite. 

Queens Co. — Westfield, gold in quartz, pyrite, arsenopyrite ; Five Rivers, near Big Fall, 
gold in quartz, pyrite, arsenopyrite, limonite. 

Bi&hmond Co. — West of Plaister Cove, barite and caloite in sandstone ; nearer the Cove, 
calcite, fluorite (blue), sidcrite. 

Shelburne Co. — Shelburne, near mouth of harbor, garnets (in gneiss); n ear the town, 
rose quartz • at Jordan and Sable River, staurolite (abundant), schiller spar. 

Sydney Co. — Hills east of Lochaber Lake, pyrite, chalcopyrite, Bideride, hematite ; Mor- 
ristown, epidote in trap, gypsum. 

Yarmouth Co. — Cream Pot, above Cranberry Hill, gold in quartz, pyrite; Cat Bock, 
Fouchu Point, asbestos, calcite. 


NEWFOUNDLAND. 


Antony’s Island. — Tyrite. 

Catalina Harbor. — On the shore, pyrite / 

Chalky Hill.— Feldspar, 

Copper Island, one of the Wadham group. — Chalcopyrite. 

Conception Bay. — On the shore Bouth of Brigus, bornite and gray copper in trap. 

Bay of Islands. — Southern shore, pyrite in slate. 

Lawn. — Galenite , oerargynte , prouxtite , argentite. 

Placentia Bay. — AtLaManche, two miles eastward of Little Southern Harbor, galenite! ; 
on the opposite side of the isthmus from Placentia Bay, barite, in a large vein, occa s io n! lit 
accompanied by chalcopyrite. ' 

Shoal Bay.— South of St. John's, chalcopyrite. 

Trinity Bay. — Western extremity, barite. 

Harbor Great St. Lawrence.— West side, fluo ids, galenite. 
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SUPPLEMENTARY CATALOGUE OF AMERICAN LOCALITIES 

OF MINERALS. 


MAINE. 

« 

Noeway. — Triphylito (lithiophiliteb chrysobcryl, cookeito. 

Paris. — Columbite, mica, triphylite. 

Parsonfield. — I jabradorite, crystalliml. 

Peru. — Triphylite (crystallized), coin in bite, l**ryl, si>odumeno. 

Stonkham. — Triplite, columbite, topaz, curved inica. 

NEW HAMPSHIRE. 

Bartlett. — At the iron mine, danalitc. 

MASSACHUSETTS. 

Deerfield. — In diabase, datolite, stilbite, ehalwizite, prehnito, heulandite, natrolite, 
ana lei to, calcite, fluorite, albitc, cnidote, axinitc, tourmaline, diabantite, sa|)Oiiite, ehloro- 
pheeite, kaolin, pyrite, malachite, limonite, wad. 

Rookport. — Fergusonite. 


CONNECTICUT. 

Branch ville.— In a large rein of i*»gmatitc in gneiss, mica (curv<*d concentric), microcline, 
albite (also crystallized), quartz (inclosing liquid CO*), fijssiurnene and various alteration 
products feucryptite, cvrnatolite, killinitc, etc A col u in bile, apatite (also nianganiuuitite), 
amblygonite, bthiophilite, eosphorite, triploiuite, diekinsonite, reddingito, fairuoldite, 
fillowite, rhodochrosite, uraninite {crystals}, eyrolite, microlite, uranium phosphates, 
chahazite, stilbite, heulandite and other species. 

Litchfield. — Staurolite in mica schist. 

New Haven. —At Mill Rock, contact surface of trap and sandstone, garnet (topazolite); 
at East Rock, on columnar surfaces of trap, garnet (mcianite), magnetite, pyroxene, apatite, 
calcite. 

Portland. — At Pclton’s feldspar quarry, monazite. 

NEW YORK. 

CLINTON CO. — Platt8BURG, nugget of platinum in drift. 

ESSEX CO. — Port Henry, black tourmaline enclosing orthoclase; Champlain iron 
region, ur anot horite, 

BT. LAWRENCE CO.— DeKalb, white tourmaline. 

Pictairn. — T itanite. 

Russell. — In veins in a granitic rock, danburite with pyroxene, titanite, black mica. 

NEW JERSEY. 

Bergen. — H ayeaine. 

Fr anklin Furnace and Sterling. — Chalcophanite, hetoroiite, pyrochroite. 
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PENNSYLVANIA. 

BEDFORD 00.— Bridgeport, barite. 

BERKS CO.— Jones’s mine, aurichalcite, melaconite, byssolite. 

BUCKS CO.— Phenixville, ankerite. 

Bridgewater Station,— T itanite. 

CHESTER CO.— Yellow Springs, allanite. 

DELAWARE CO.— Water ville, near Chester, and Upland, chabazite. 

Mineral Hill, columbite. 

Leiperttlle, garnet, zoisitc, heulandite, leidyitc. 

FRANKLIN CO.— Lancaster Station, barite. 

HUNTINGTON CO.— Broad Top Mountain, barite. 

LEHIGH CO. — Shtmerville, corundum. 

LUZERNE CO. — Scranton, under a j>eat-bed, phytocollite (dopplerite). 

Dripton, pyrophyllitc. 

MIFFLIN *C0.— Strontianite. 

MONTGOMERY CO.— Upper Salford mine, azurite. 

NORTHAMPTON CO.— 6ethleuem, axinite. 

PHILADELPHIA CO.— Germantown, fahlunite. 

SCHUYLKILL CO., near Mahanoy City, pyrophyllitc, alunogen, copiapite, in coal 
mines. 


DELAWARE. 

Dixon’s Quarry.— C olumbite. 

Newark. — Quartz crystals, doubly terminated, loose in soil. 


VIRGINIA. 

AMELIA CO. — From a granite vein (mica mine) in gneiss near Amelia Court House, mica 
in large sheets, quartz, orthoclase, microlite, mon&zitc, columbite, orthite, helvite with 
topazolite, beryl, fluorite, amethyst, apatite (rare). 

AMHERST CO. — From a feldspar vein in a gneissoid rock on the northwest slope of 
Little Friar Mt., allanite, sipylitc, magnetite, zircon. 

ROCKBRIDGE CO. — Underlying limonite, dufrenite in an irregular bed ten inches 
deep, strengite in c avities in duf’renite. 

WYTHE CO. — Austin mine, aragonite (7 p. c. PbCOj). 


NORTH CAROLINA.* 

Alexander Co. — Near Stony Point, in narrow veins or pockets in a gneissoid rock (in 
part also loose in yvorlying soil), spodumcnc (hiddenite), beryl (emerald), rutile, monazite, 
allanite, quartz. 

At White Plains, quartz crystals, spodumene (hiddenite), beryl, rutile, seorodite, 
columbite, tourmaline. 

At MilhollamVs mill, rutile, monazite. muscovite, quartz. 

Burke Co,— In the auriferous gravels at Brindletown, octahedrite (transparent), brookite, 
zircon, fergusonite, monazite, xenotime (eonqxmnded with zircon), garnet, tourmaline, 
magnetite and other species. 

Mitchell Co,— At the mica mines, muscovite in large quantities, orthoclase, albite, 
SAmarskite, columbite, hatchet tolite, rogersite, fergusonite, monazite. uraninite, gummite, 
phosphuranvlite, uranotile, allanite, beryl, zoisitc, garnet, menaecanite 

Yancey Co. — At the Ray mica mine, muscovite, tantalite (columbite), monazite, beryl, 
garnet, zircon, rutile, etc. 

At Hampton’s, chromite, epidote, enstatite, treraolite, chrysolite, serpentine, talc, 
magnesite, etc. 


ALABAMA. 


COOSA 00. — Cassiterite, tantalite. 


* For a complete list of the minerals and mineral localities of North Carolina, see Geology 
of North Carolina, vol. II., chap. I., Mineralogy by F. A. Genth and W. C. Km, with 
notes by W. K. Hidden; 188 pp., 8vo, Raleigh, 1881. 
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MICHIGAN. 

Nbgaunbk. — M&nganite, g&thite, hematite, barite, kaolin ite. 
Grand Marais.— Thomsonite (lintonito). 


MISSOURI.* 

ADAIR CO. — GiNthite with calcite in concretionary masses of clay iron-stone, 

„ BARTON CO. — MeCarrow's coal bank, piekcringlte, as a white efflorescence on sandy 
shales of coal measures. 

BENTON CO —Limonite. 

BOLLINGER CO. — Limonite, bog manganese, psiloraclano. 

CALLAWAY CO. — Hematite, clay iron ore. 

CHARITON CO —Selenite. 

COLE CO. — Barite. At the Eureka mines, gnlenitc, smithsonite. 

COOPER CO. —Collins mine, malachite, azurite, clmlcopyrite, smithsonite, galenite 
sphalerite, limonite. 

CRAWFORD CO. — Scotia iron banks, hematite, quartz, jasper, amethyst, gOthite, 
malachite. 

DADE CO. — Smithsonite. 

DENT (’O.— SimmtmV Mountain, hematite. 

FRANKLIN CO. — Cove mines, galenite, eerussito, anglesite, barite. 

Mine- a- Burton, galenite, eerussito, anglesite. 

Moselle, limonite. 

Mount Ilojie mine, galenite, sphalerite, calamine, smithsonite. 

Stanton Copper mines, native eopjH*r. dial cotrichit o, malachite, azurite, chalcopyrite. 

Virginia mines, galenite, anglesite, oerussite, minium. 

IRON CO. — Pilot Knob, hematite, serjientine, magnetite, quartz, manganese ore. 

JASPER CO.— Joplin mines, galenite, sphalerite, pyrite. rnarcasite, eerussito, bitumen. 

Oronooo. — Oalenitc, sphalerite, eerussito, smithsonite, anglesite. 

Webb City. — Galenite, sphalerite. 

JEFFERSON CO.— Palmer mine*, galenite, eerussito, plunibogunmute. 

Valle mines, galenite, oerussite, anglesite, calamine, smithsonite, hydrozincito, mala- 
chite, azurite. 

MADISON CO. — Enistein silver mine, galenite, sphalerite, wolframite, pyrite, quartz, 
muscovite, actinolite, fluorite. 

Mine-la-Motte. — Galenite, linnaute (siegenite), oerussite, anglesite, pyTrhotite, earthy 
cobalt, bog manganese, plumhoguvnniito, chalcopyrite, annuborgite. 

In granites, poqihyries, etc., quartz, agate, hornblende, asbestos, serjjcntine, chlorite, 
epidote feldspar. 

MONITEAU CO — Sampson's coal mine, galenite and sphalerite in cannel coal, 

MORGAN CO. — Buffalo mines, galenite. 

Humes Hill, barite. 

NEWTON CO. — Granby mines, galenite, eerussito, pyromorphito, calamine, greeno- 
ehite, sphalerite, smithsonite, hydrozinoite, huratitc, dolomite, calcite. 

PHELPS CO — Hematite, siderite, limonite. ankerite, 

ST. FRANCOIS CO. — Iron mountain, hematite, apatite, tungstite, wolframite, magne- 
tite, menaocanite. 

ST. GENEVIEVE CO.— St. Genevieve copper mines, chalcopyrite, cuprite, malachite, 
azurite, covellite, chalcocite, bornite, melacomte, chalcnnthite. 

ST. LOUIS CO.— St. Louis. — In cavities in limestone, milierite, dolomite, calcite, 
fluorite, anhydite, gypsum, strontianite. 

SALINE CO.— Halite in incrustations. 

WAYNE JO.— Limonite. 


BROWN CO.— Celestite. 


KANSAS. 

ARKANSAS. 


Sevier Co. — Stibnite, stibiconite, bindheimite, jamesonite. 
Hot Springs Co.— Rutile in eigbtlings, varisdte. 


See Notes on the Mineralogy of Missouri, by Alexander V. Leonhard, St. Txmis, 1889. 



506 


APPENDIX. 


COLORADO. 

Bouldeb Co —Magnolia district (especially the Keystone, Mountain Lion and Smuggler 
mines), native tellurium, coloradoite, ealaverite, tellurite, magnolite, ferrotellurite, 
sylvanite. 

Chaffee Co.— Arrow mine, jarosite with turgite. 

Custeb Co.— Silver cliff, niecolite. 

El Paso County. — Near Pike’s Peak, arfvedsonite, astrophyllite, zircon ; siderophyllite, 
topaz, phcnacite, cryolite, thomsenolite (and other fluorides), tysonite, bastn&site. 

Gilpin Co. — Near Central City, pyrite in modified crystals, chalcopyrite often coated b ; f 
tetrahedrite in parallel position, crystallized gold on pyrite. 

Gunnison Co.— Near Gothic, smaltite. 

Jefferson Co. — Near Golden, in basalt of Table Mountain, chabaziie, thomsonite, 
analcite, apophyllite, caicite, mesolite, laumontite. 

La Plata Co. — Poughkeepsie Gulch, Alaska mine, alaskaite with tetrahedite, chalco- 
pyrite, barite. 

Lake Co. — Leadville, cerussite carrying silver, anglesite, pyromorphite, sphalerite, 
calamine, minium, dechenite (?), rhodochrosite with galenite, chalcopyrite. 

Golden Queen mine, scheelite with gold. Ute and Ule silver mine, stephanite, galenite, 
sphalerite, chalcocite. 

Park Co. — Grant P. 0., Baltic lode, beegerite. Hall Valley, ilesite. 

CALIFORNIA. 

Inyo Co. — San Carlos, datolite with grossular garnet and vesuvianite. 

Los Angeles Co. — B rea Ranch, vivian ite in nodules with asphaltum. 


OREGON. 

Douglas Co.— Cow Creek, Phiey Mountain, considerable deposits of a hydrous nickel 
silicate, allied to gamierite. 

Grant Co, — C anyon City, cinnabar with caicite. 

UTAH. 

Ibon Co.— Coyote District, orpimcnt and realgar in a thin bed in the horizontal sediment- 
ary formations underlying lava. 

Piute Co. — Marysvale, onofrite. 

Salt Lake Co. — B utterfield Cafion, mallardite, luckite. 

Wahsalch Range, head waters of Spanish Fork, ozocerite in considerable beds. 


NEVADA. 

Elko Co. — Emma mine, chrysocolla; Blue Hill mine, azurite, malachite. 

Lander Co. — Austin, polybasite, chalcopyrite. azurite, whitneyite. 

Lincoln Co. — Halite, cerargyrite. 

Nye Co.— Anglesite, stetefeuitite, azurite, cerussite, silver ore. cerargyrite. 

White Pine Co.— E berhardt mine, cerargyrite; Paymaster mine, frcieslebenite. 

NEW MEXICO * 

Doffx Ana Co. — Lake Valley, eerargv rite in the Sierra mines in large masses, rarely 
crystallized, associated with emnolite, cerussite, galenite, vanadinite in small canary-yellow 
crystals, native silver, pyrolusite, manganite, fluorite, ankerite, apatite, chert. Victoria 
mine, 40 miles below Nutt, massive anglesite. Kingston, in Black Range, argentite in 
large masses. 

Socorro Co. — Socorro Mt., 3 miles from town of Socorro, large veins of barite carrying 
cerargyrite, vanadiferousmimetite, vanadinite in barrel-shaped crystals resembling pyromor- 
phite. Magdalena Mountains, 27 miles west of Socorro, cerussite in heavy vans with 
galenite, sphalerite, etc. Green and blue calamine on the Kelly location. Sophia mine, 
stromeyerite ? Grafton, on a large qnartz vein, Ivanboe mine, gold in black cerussite, 
chalcocite, bornite, malachite, azurite, chalcopyrite, cerargyrite, amethystine quartz. New 
Elk Mountain, 100 miles south of Socorro, cerussite carrying silver. 


* The author is indebted for the following notes, as also for others under Arizona and 
Montana, t j Prof. B. Silliman. 
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Grant Co. — S ilver City, Bremen’s mine, argentite, corargyrito, argentite pscudomorph 
of mollusca, barite with cerargyritc, native silver in filagree lind dendrites on slate; Santa 
Rita copper mines, native copper, tenorite. Mogollon and Burro mountains, Coony mining 
district. Dry Creek; in Mundo miue, melaconite; Silver Twigg mine, bomito, copper; Alba- 
tross mine, boraite, malachite; Cooney mine, chaleopyrito, azurite, bomite; Clifton mine, 
native copper, cuprite, azurite, malachite, wulfenite. Georgetown, Kaiad Queen mine, 
argentite pseudomorph of mollusca. oerargvritc, native silver in dendritic form on slate. 

San Miguel Co.— Cerillos, Mt. Chalehiutl, turquoise in tuff. In the Ceriilos district are 
.numerous mineral veins, carrying silver lead and salts of lead, rarely wulfenite and 
vanadinite, azurite, malachite, sphalerite, etc. 


ARIZONA. 

In the Silver District, Yuma Co., at the Hamburg, Princess and Red Clond mines, in 
connection with quartz veins carrying argentiferous galena, fine ruby-red vanadinite, 
red wulfenite, massive anglesito. Silent District, Black Rock mine, vanadinite. At the 
Castle Dome mines, vanadinite, mimetitc, wulfenite, corussite, galenite, fluorite. Also 
wulfenite at. the Melissa mine and Rover mine. 

In the Vulture District (also called White Picncho District), Yavapai and Maricopa 
Cos., numerous veins of gold-bearing quartz, carrying load. Vulture mine, orvst. gold, 
jarosite, wulfenite. Hunter's Best mine, gold in tourmaline rock. Farley's Collateral 
mine, and the Phenix mine, 20 miles north-east of Vulture, yellow vanadinite with 
calcite, wulfenite, corussite, descloizitc (?). volborthito (?) crocnifo, vauquelinite, phomi- 
cochroite. Montezuma mine, vanadinite, corussite. Santo Domingo mine, mimetite, 
argentite. Silver Star mine, native silver, corussite, argentite, crocoito, vanadinite. 
Tiger mine, native silver, corargyrito. Tip Top mine, native silver, sphalerite, argentite, 
pyrargyrite. 

From the Rio Verde, Maricopa Co., thennrditc in large deposits. 

Moiiave Co.- Moss lode, gold in crystalline plates; fluorite a frequent ganguc material. 

Pinal Co — Mule Pass, Bishey, Copier Queen mine, native copjwr, copper oxide, mala- 
chite, azurite, calcitc. 

From the Silver King mine, Pioneer District. Pinal Co.— Fine crystallized native silver, 
argentite, sphalerite 1 , pyrite. Stonewall Jackson mine, cryst.. silver, argentite. 

From the Bon Ton mines, Chuse Creek, near Clifton, dioptase with cuprite and limonito. 


MONTANA. 

Butte Co. — Butte City, Alice silver mini*, rhodonite, a common ganguc of native silver 
and other silver ores, rhodtichrnsite. Same in Magna Charter mine. Parrot, Mountain, 
Beil, and other cop|H*r veins yield various oopjier salts ami arsenical eopjHT glance with 
silver. 

“Original Butte mine,” wurtzite with pyrite. Clear Grit mine, native silver, argentite, 
chalcopyritc, sphalerite, calcite, rhodochrositu. Colusa mine, clmlcocite. 


ALASKA. 

Ft. Wrangell at mouth of the Stickccn River, line garnets in mica schist. 


CANADA— Province op Queret. 

Montreal. — Analcite, sodalitc, nephelite (in nephelite-sycnitc). 

Ottawa Co.— Veins carrying apatite and pyroxene in large quantities are common in 
Buckingham, Burgess, Templeton, and other townships; also calcite, quartz, amphibole, 
scapolite, garnet, tourmaline, titanite, zircon, orthoclane, phlogopite and other 8(>cciea 
Templeton, vesuvianite, garnet (cinnarnonstone), pyroxene. 

Hull, colorless garnets, vesuvianite, white pyroxene, 

Wakefield, chrome garnet. 

CANADA— Province op Ottawa. 

Frontexac Co. — S capolite, apatite. 

Renfrew Co.— Eganville, large crystals of apatite, titanite, zircon (also twins), 
amphibole. 
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NOVA SCOTIA. 

Cumberland Co.— Alunogen. 

Colchester Co.— New Annan, corellite. 

Kings Co. -Black Hock, in trap with stilbite, ulexite, heulandite. 


CANADA— Keewatin District. 

Churchill River.— Lazulite. 

Knee Lake.— M agnetite Island, magnetite. 


CANADA— British Columbia 
Cariboo District.— N ative gold, galenite. 

On Frazer River.— Gold, argentiferous tetrahedrite, cerargvrite, cinnabar. North 
Thompson River, cyanite. 

Howe Sound — Somite. chalcopyrite, molybdenite, mica. 

Ominica District.- G old, galenite, silver, silver amalgam. 

Cassia r District.— G old. 

Texada Island.— M agnetite. 

Queen Charlotte Islands.— Skincuttle Inlet, Harriet Harbor, magnetite, chalcopyrite. 



APPENDIX E. 


TABLES TO BE USED IN THE DETERMINATION OF MINERALS. 


TABLE L 

Minerals arranged according to their Physical and Blowpipe Characters . 

Thk following table is intended especially for use in instruction in Mineralogy. With this 
end in view it is limited to those species described in full in the body of this work, rl'1 the 
method of arrangement has l>een mode to conform os nearly as possible to tho chemical sys- 
tem of classification there followed. Table II., on the contrary, is made to embrace all 
species whose orystalline system is known : 


General Scheme of Client fir alum. 

L MALLEABLE, OR EMINENTLY" 8ECTILE. 

Many of tho notice metal* are hero includod. 

1. Lustre metallic. 

5) Lustre unmetal lie. 

IL VAPORIZABLE, OR B.B. EASILY YIELDING FUMES. 

The sulphide selenulet i, etc., also the sulphar»enites, tuiphantimonite*, etc., are hers in 
eluded ; also some native metals. 

Parti. Wholly Vaporizable. 

1. Lustre unmetallic. 

2. Lustre metallic. 

Part IL Yielding Fumes readily, but not wholly Vaporizable. 

1. Lustre unmetallic. 

2. Lustre metallic. 

m. NOT MALLEABLE; NOT VAPORIZABLE, NOR EASILY YIELDING FUMES. 
Part I. Lustre Metallic. 

1. Streak unmetallic. —A. Infusible or nearly so ; B. Fusible. 

2 . Streak metallic. 

Part II. Lustre Unmetallic. 
t. Carbonates. 

A InfusOfe. 
it FoMble. 



510 


APPENDIX. 


2. Sulphate* 

1 Soluble in water, or haring teste. 

2 Insoluble in water. 

8. Chromates. 

4. Silicates, Phosphates, Oxides (pt.), etc., eta 
I. Streak Colored. 

1. Infusible, or nearly so. 

2. Fusible. — A Gelatinise with adds ; B. Do not gelatinise. 

IL Streak Uncolored. 

1 . Infusible. — A. Gelatinise with adds ; B. Do not gelatinise. 

2. Fusible. — A. Gelatinize with adds. 

a Hydrous; 0 Anhydrous. 

B. Do not gelatinize. 

a Hydrous; 2 Anhydrous. 


L MALLEABLE OR EMINENTLY SECTILB. 

1. Lustre metallic. 

(a) Yielding B.B. no fumes.— Gold; Silver; Platinum; Palladium; Coffee; 
Iron (pp. 221-228). 

( 0 ) Yielding with soda ( n charcoal a silver globule. — Argentitb (p. 285), and Aoan- 
THITE (p. 289); yield also sulphurous fumes. — IIessite (p. 289), also telluric fumee. 

2. Lustre unmetalHc. 

On charcoal a silver globule. — Cebabovbite (p. 260). 


II. VAPORIZABLE; B.B. yielding fumes in the open tube; some require to be strongly 

heated. 

Part I. Wholly Vaporizable; readily passing away in fumes when heated on 
charcoal (if pure ana free from gangue). 

1. Lustre Unmktallic. 

1. Fumes sulphurous; burning with a flame. — Sulphur (p. 228). 

2. Fumes anti monial. — Valentin its, senarmontite (p. 2B4). 

8. Fumes arsenical.— Realgar (p. 281), color red; O&piment (p. 231), color yellow. 

4. Fumee mercurial.— Cinnabar (p. 240). 

2. Lustre Metallic. 

1. Fumes sulphurous; with also fumes of antimony, bismuth, etc — Sttbnitb (p. 282); 
Bibmuthinite (p. 282); some tetrad ymite (p. 288). 

2. Fumes selenial or telluric. — Claustuaute (p. 288); Tetradymite (p. 288). 

8. Native Arsenic, Antimony, Bismuth, and Tellurium (pp. 226, 227.) Some Cinna- 
bar (see above) has a metallic lustre. 

Part IL Yielding Fumes Readily in the open Tube, but not Wholly 

Vaporizable. 

1. Lustre Unmet aluc. 

1. Fumee sulphurous alone .-Sphalerite (p. 237), infusible; Geeekockits (p. 242). 

2. Fumes sulphurous, and («) antimoni&l; or (e) arsenical, yield a bead of diver with 
•ode on charcoal— (a) Miaegyrite (p. 249); Pyrargyrite (p. 252) —(e) Prouertr (p. Wfy 
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2. Lurki Metallic. 

1. Pomes arsenical. 

a. On charcoal a magnetic bead or mam. («) In the dosed tube unaltered.~Oo iiAM S 
IT* (p. 246). (3) Do., a sublimate of arsanio sulphide.— A esixoftrite (p. 247), odor 
silver-white, yields also metallic arsenic; Gkrsdorffitb (p. 246), color sUver-whito to 
steel-gray, B.B. decrepitates; Tennaxtite (p. 266), color iron-black. M Do., a faint 
white crystalline sublimate of arsenous oxide.— N iocoute (p. 242), color pale copper-rad. 

- 6. With soda on charcoal a malleable bead of metallic lead Saetoritb (p. 260). 

decrepitates strongly, G=5’89; Dufrbnoysite (p. 261), G=556. 

c. Do., metallic copper.— Domeyete (p. 284), odor tin-white tosteol-mv: Exar- 
eiTE (p. 267), odor iron-black. 

2. Fumes antimonial. 

a. With soda on charcoal yield metallic copper. (The bead obtained may also be 
tested with borax.) (*) Contains copper and lead.— B ournonite (p. 266), color steel-gray, 
G. =5 *7-5*9. (3) Contains copper ana silver.— P olybasite (p. 257), odor iron-black, (y) 
Tetrahedrite (p. 256). 

b. Yield silver or lead but no copper. (•) Contain silver.— Dybcrasitr (p. 284), 

G.=9*4-9*8, color and streak silver-white; Fbkibslkbknite (p. 262), U.=0-0’4, color 
and streak light steel-gray, yields also sulphurous fumes;— S tkphanitk (p. 266), G.=6*27, 
color and streak iron-black; Pyrargyrite (p. 262), and Miaegyrite (p. 249), have both a 
red streak. (3) Contain load;— Z ink enite (p. 260), G. =6*80-6 66 ; Jamksonite (p. 261) 
G.=5 5-5*8; Boulangeritk (p. 264), G. =5*76-6. ' 

8. Fumes sulphurous. 

a. Reaction for copper with borax. — Oh aloopyrtte (p. 244). color brasa-yellow; 
BoRxrrE(p. 287). color copper-red to pinchbeck-brown on the fresh fracture; CUaloocite 
( p. 289), color blackish leau-gray ; Stroke yeritk (p. 240), color dark steel-gray, contains 
also silver. 

b. Yield a magnetic bead or mass on charcoal. („) Yield free sulphur in the closed 
tube. — Pyeite (p. 248), G. =4*8-5*2; Maecasitr (p. 247), G. =4*7-4 8; some linmcite 
(see below). (3) Unchanged In the closed tube.— P yre h otitic (p. 241), color reddish bronze- 
yellow, magnetic; Millreitr (p. 241), color brass-yellow, with borax a nickel reaction; Lin- 
jueite (p. 245), color pale steel-gray, contains cobalt. 

c. Yields metallic lead on charcoal.— Galenitk (p. 286), color lead-gray. 

d. Not included in the above. —M olybdenite (p. 288). 

4. Fumes mercurial.— A malgam (p. 225). 

5. Fumes telluric. (*) Contain silver or gold.— S ylvanite (p. 248), color steel-gray to 
silver-white, brittle; IiESsrrK, Petzite (p. 28H), color lead to steel-gray, sectile. ^Con- 
tains lead. — N agyagite (p. 249), color black lead-gray, foliated. 


HL NOT MALLEABLE; NOT VAPORIZABLE, NOR EASILY YIELDING 

FUMES. 


Part I. Lustre Metallic, or Subxetajllio* 


2. Streak Unmetallic. 


A. Infusible , or Fusible with great difficulty, 
a. Reaction for manganese with borax. 

(«) Anhydrous.— Pyrolubite (p. 278), G.=4*82. H. =2-2*5, streak black (bran- 
nite, hausmannlte, (p. 277); Feaneldtite (p. 278). often in octahedrons, G. = 5*07, 
H. sc 5 *5-6 *5; streak dark reddish-brown; yields zinc B.B. Some Columbite (pp. 800, 
428). 

(,) Egdroiu.— Mamusite (p. 880); PnunmAMf (p. 282); Wa» (p. 283). 
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6. Reaction for iron : become magnetic upon ignition in B.F. 

(•) Anhydrous. —Magnetite (p. 272), streak black, magnetic ; Hematite tp. 268), 
streak cherry-red. Contain titanium.— Menaccaxite (p. 269), G. = 4*5-5, streak black to 
brownish-rea; Rutile (see d below). Contain tantalum or oolumbium. — Taxtaute (p. 
859), G. =7-8; Columbits (p. 860), G. 5 *4-6*5. Contains chromium. Chromite (p. 274), 
streak brown. 

(P) Hydrous. — Limonite (p. 280). streak yellowish-brown, G.= 8*6-4, only massive; 
GOthitb (p. 280), streak same, G. =4-4*4, often in crystals; Tubgitk (p. 279), streak red, 
decrepitates strongly B.B. 

e. Reaction for zinc on charcoal. —Zincite (p. 266), streak orange-yellow. 

d. Reaction for titanium.— Rutile (d 276) ; Octahedrite (p. 277); Bbookite (p. 277); 
Perotskite (p. 270).— Euxenite (p. 862), contains columbium. 

e. No reactions as above. — Yttrotantalitb (p. 861). 

B. FusiUe. 

a. Reaction for iron, become magnetic.— Ilvaite (p. 809), G. =8*7-4*2; Allaxite (p. 808), 
G.=8-4*2; Wolframite (p. 888), G.=7 1-7*5; Samarskitk (p. 861), G.=5*45-5*69. 

b. Reaction for copper.—' Tenorite (p. 267); Cuprite (p. 266). 

2. Streak Metallic. 

No metallic bead.— G raphite (p. 230); Iridosmixe (p. 224). 


Part II. Lustre Unmetallic. 

1. CARBONATES : when pulverized effervesce (give off CO t ) with hydrochloric or 
nitric acid, sometimes only on the addition of heat (p. 202).* 

1. Infusible. 

a. No metallio reaction, or only traces; assay alkaline (p. 205) after ignition. 

(a) Anhydrous. — Effervesce freely in the mass in cold dilute acid ; Calcitb (p. 898), 
G.=2*5-2*8; Aragonite (p.405), G.=2*9; Barytocalcite(p. 408), contains barium. Effer- 
vescence wanting or feoble, unless very finely pulverized or heated; Dolomite (p. 401); 
Magxesite (p. 402). 

(0) Hydrous — Hydromaqnrstte (p. 409). 

b. A decided reaction for iron ; become magnetic upon ignition. 

Sideritk (p. 408); Ankerite (p. 402). Also mesitite, pistomesite (p. 408), and some 
varieties of the preceding carbonates. 

e. A decided reaction for manganese with borax. 

Rhodochrosite (p. 403). Also some varieties of the preceding carbonates. 

d. Reaction for tine on charcoal. 

(*) Anhydrous.— Smitusonite (p. 44). (0) Hydrous.— ]1 ydrozincitb (p. 410). 

2. Fusible. 

a. No metallic reaction, or only traces; assay alkaline after fusion. 

(«) Anhydrous.— Witherite (p. 406), G.=4*8, B.B., a green flame (baryta); Stron- 
TIAXITb (p. 406), G.=8*6-*7, B.B., a strontia-red flame. 

(0) Hydrous — Gay-Lubsite (p. 409); Trona (p. 408). 

b . Reaction for lead on charcoal. 

Ceru8BIte (p. 407); Phosgexitb (p. 408), contains lead chloride; Leadhillite 
(p. 890) contains load sulphate. 

e. Reaction for copper with borax. 

Hydrous. — Malachite (p. 411), color green; Axurite (p. 411), color azure-blue. 

d. Reaction for bismuth on charcoal. 

Hydrous. — Bismutite (p. 412). 


♦ Nitric acid is needed only in the case of lead salts (cerussite, phosgenite, leadhillite). 
In addition to the proper carbonates, also leadhillite and canorinite effenresoe with acid, 
and with many minerals eff erveecense may be caused by a mechanical admixture of oakitc 
(c.g., wollastcnite), or some other carbonate (e.g. % lanandte). 
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2. SULPHATES : Yield a sulphide with soda on charooal (p, 209),* which when 
moistened blackens a surface of polished silver. 


1. Soluble in Water . having taste. 

a. Glaubekttk (p. 891); Mirabilite (p. 892) ; Polyhaute (p. 898); Epsomite (p. 894); 
Alums (p. 895). 

b. Copperas group : Vitriols. — C balcanthite, etc. (p. 894.) 

2. Insoluble in Water: having no taste. 

a. Yield no metallic bead. Fusible; assay alkaline after fusion. 

(«) Anhydrous. — Barite (p. 887), G.=4*8~4*7, a yellowish -green flame B.B. ; Celes- 
tite (p. 888), G. =8*92-8*97, a strontia-rod flame B.B. ; Anhydrite (p. 889), U. =8 *9-9 *99, 
a reddish-yellow flame. 

(S) Hydrous: Gypsum (p. 892), H.= 1*5-2, G.=2*3. 

b. Reaction for aluminum ; a blue color with cobalt solution after ignition. 

Hydrous: Aluminite (p. 895). 

e. Reaction for lead on charcoal. 

Fusible.— Anglebite <p. 889); Leadhilute (p. 890), contains lead carbonate. 

d. Reaction for copper with borax. 

Brochantite (p. 896); Linaritk (p. 896). 

s. Reaction for iron : becomes magnetic after ignition on charcoal, 

Coplapite (p. 895). 

8. CHROMATE 8 : Afford a chromium reaction with borax (p. 208). All brightly 
colored, and having a colored streak 

Ciuxxhte (p 385), color hyacinth ml, streak orange yellow ; Pikenioocitroite 
( p. 886), color cocninoal- to hyacinth-mi, streak brick-red ; Vau^ukljnite (p. 886), color 
green to brown, streak grecnisli or brownish. 

4. SILICATE B, PHOSPHATE 8, OXIDES (in part). etc 

I. Streak Colored: having a decided color. 

1. Infusible, or Fusible with cireat Difficulty. 

4 

a . Reaction for iron, magnetic after ignition in R.F. 

(*) A nhydrous.— Hematite (268), streak cherry-red ; some ItUTlLE (soe « below). 

(S) Hydrous.— Limonite (p 280), streak yellowish-brown; OfVrniTK (p. 280), streak 
same ; Turoitk (p. 27 9), streak mi, decrepitates B.B. 

b. Reaction for manganese with borax. 

Hydrous.— W av (p. 283); Psilomrlane (p. 282). 

c. Reac tion for tine on charcoal. 

Zincite (p. 266); streak orange-yellow. 

d. Reaction for copper: yield metallic copper with soda on charcoal. 

Hydrous.— Dioitabe <p. 301), color emerald-green. 

e Reaction for titanium : with metallic tin on evaporation a violet color to the hydro- 
chloric acid solution, sometimes after fusion with potassium bisulpbate. t J 

Rutile (p.) 276), G.=4*2;Warwickite (p. 8H2), G.=8*8, moistened with sulphuric 
acid gives a green flame B. B. < boron*.— Some Pyrochlor© (p. 859); and Perofskite (p. 270). 

/. Reaction for tin : yields the metal with soda on charcoal. 

Cassitertte (p. 275), G.=d*4-7*1. 

a. Not included in the above. .... * ^ 

(•) Phosphates: moistened with sulphuric acid give a bluish-green flame B.B.— 
Monaettb <p. 868). G. =4*9-5 *26; Xenotime (p. 864), G. =4*45-4*56. 

(0) Pyrocblore (p. 0 =4*2-4*85 ; Ferousonite (p. 862). 

•Note the precaution on p. 209 ; it may be remarked in addition that, in the cas© of a 
sulphate, the reaction is generally so decided that there can be no ambiguity, even when 
the gas contains a little sulphur. In all cases the soda on charcoal should be first tested 
atone 
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2. Fumble wi t hou t toby great Difficulty. 
A. Gelatinize with, Acid (p. 208). 


Give a reaction for iron. 

Ilyaite (p. 809), fields little or no water, H. =5*5-6, G. =8 *7-4*2, streak blaok, 
HisnfOEBiTE (p. 854), fields much water, H.=8, G. =8*045, streak yellowish-brown; 
Allakitk (p. 808), EL =6*5-0, G. =8-4*2, streak graf. 


B. Do not Gelatinize with Acid. 

1. Arsenates: giro arsenical fames on charcoal ; after thorough roasting field metallic 
reactions as follows: 

a. Reaction tor iron : becomes magnetic after ignition. 

Pharmacosideritk (p. 876), color olive-green to yellowish-brown etc. 

b. Reaction for cobalt with borax. 

Erythrite (p. 872), color rose-red. 

c. Reaction tor copper with borax; also give a green flams B.B. 

Hydrous. — Olivknite (p. 878), G. =4 *1-4 *4, color olive-green to brown ; Lirooontte (p. 
874), G. =2*88-2*98, color sky-blue to verdigris-green ; Cunoclasite (p. 874), G. =8*6-8 *8, 
color dark-green (some libethenite, see below). 

2. No arsenical fumes; reaction for iron : become magnetic after fusion. 

a. Anhydrous.— Reaction for titanium: Schorlomite (p. 887), H. =7-7*5, G. =8*862. 
massive. — Reaction for manganese : Triplite (p. 869), H. =8 44-8*88, G. =4-5*5, colors 
the flame bluish-green.— Struturo micacecous : Lepidomelane (p. 818). 

b. Hydrous. — Give a bluish-green flame B.B.: VrviAifiTE (p. 871), H. =1*5-2, G.= 
2*58-2*68, stroak colorless to indigo-blue (on exposure); Dufrenite (p. 878), H. =8*5-4, G. 
=8 2 8*4, streak siskin-green. 

8. No arsenical fumes ; reaction for copper with borax, vield an emerald-green flame B.B. 

(«) Anhydrous. — (Sprite (p. 266) ; Tenorite (p. 267), color steel-gray to black. 

(S) Hydrous. — Structure micaceous; Torberntte (p. 878), H.= 2-2*5, G.= 8*4-8 *6, 
—Libethenite (p. 878), H.=4, G.=8*6-8*8; Pseudomalachite (p. 874), fL=4 5-5, G.= 
4-4*4; Atacamite (p. 261), H. =8-8*5, G.=8*8 


11. Streak Cncolored • sometimes slightly grayish, yellowish, etc. 
1. Infusible, or Fusible with much Difficulty. 

A. Gelatinize with Acid forming a stiff Jelly . 

a. Reaction for iron with the fluxes. 

Chrysolite (p. 800); Chondrodite, H unite (p. 826-829), yield fluorine. 

b. Reaction for sine on charcoal, after being heated with soda. 

(«) Anhydrous . — Willem me (p. 301). 

(0) Hydrous . — Calamine (p. 829). 

e. Reaction for aluminum ; a blue oolor with cobalt solution after ignition. 
Allophane (p. 841), amorphous. 

d Reaction for magnesium: pink color with cobalt solution after ignition. 
Sepioute (p. 849), in soft, white, compact masses. 


B. Do not form a perfect Jetty with Acid. 

1. Hydrous . 

a. Reaction for aluminum : a blue color with oobalt solution after ignition. 

1. Phosphates : give a bluish-green flame B. B., especially after being moistened with 
sulphuric acid. — Wa velute (p. 876), color white to green to black; Laxuuxe(p. 875), 
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color azure-blue, with borax an iron reaction; Turquois (p. 877), color sky-blue to apple- 
green, with borax a copper reaction. 

2 Hydrous sifieo&e.— Struct ure micaceous ; Maroarits (p. 857), yields much water; 
also some hydrous micas (see p. 358). 

Kaoumitb (p. 851) usually compact, soft, unctuous; Pyrofbyllits (p. 848), soft, 
yields much water. 

8. Oxides. —Gibbs its (p. 282), U.=2*5-3*5, usually in stalaotitio format Dusroas 
(p. 879), H. =6*5-7, in crystals, scales, and foliated, usually decrepitates B.B. 

# b. Reaction for magnesium: a pink color with cobalt solution after ignition. 

Brucite (p. 281), soluble in acids; Talc (p. 848), yields water only on intense igni- 
tion. Also some serpentine (see below). 

<5. No reactions as above. 

Opal (p. 288), H.=6-7.— Serpentine (p. 850), H. =2*5-4; Chlorttoid (p. 858), 
fl. =5*5-6; Genthite (p. 851), yields a reaction for nickel with borax. — C urysoOOLLA (p. 
888), H.=2-4, colors the flame emerald green (copper). 


2. Anhydrous. 

a. Reaction for aluminum : (When of great hardness, pulverising Is necessary). 

(•) Decomposed by acids. — L kucite (d. 818), H. =5.5-6. 

(0) Structure eminently micaceous,— M uscovite (p. 818). 

(y) Corundum (p. 287), II, =9, G. =4, rhombohedral. 

Chbysobertl (p. 274), IT. =8*5. G.=8*7, color green. 

Topas (p 382), II. =8, G.=8 5. in prisms of 124°, cleavage basal perfect. 

Rubellitk (p. 830), H. =7*5, G. =8, in throe- or six-sided prisms, color violet, rose- 
red, reaction for boron (p. 211). 

I Andalusitb (p. 881), II. =7*5, G.=8*2, in prisms of 93°. 

•JFibroute (p. 331). li. =6-7, G.=8*2, brilliant diagonal cleavage. 

(Cyanite (p. 382). II. =5-7, G. =8*6, usually in biadod crystals, oolor blue to gray. 

b. Reaction for magnesium : a pmk color with cobalt solution after ignition. 

Talc (p. 848), soft, foliated, yields water upon intonso ignition. 

Enstatite pt. (n. 290), H.=5*5, cleavage prismatic 08°. 

Spinel pt. (p. 271), H.=8, commonly in octahedrons. 

c. Reaction for tin : metallic globules with soda on charcoal. 

Cassiterite (p. 275), G. =6*4-7*l. Also some Pyrochlore (p. 859). 

d. No reactions as above. 

1. Hardness 7, or above 7. 

Spinel (p. 271), H.=8, G=8*6-4T, occurs In octahedrons. 

Gahnite (p. 272). H. =7*5 8, G. =4 4-4*9, octahedral, when mixed with borax gives 
a sine coating on charcoal. 

Beryl (p. 299), H. =7*5-8, G.=2*6-2*7, always in hexagonal prisms. 

Phenacjte (p. 801), H. =7*5-8, G.=8, rhombohodral. 

Ouvarovtte (p. 804), H.=7*5, G.=8*5, oolor green, chromium reaction. 

Zircon (p. 804), H.=7 5, G.=4 05-4 75, zirconia reaction (p. 218) often in square 
prisms. 

Stauboutk (p. 886). H.=7, G. =8*4-8 8, always crystallized, iA/=128*. 

Iolite (p. 811). H. =7-7*5, G.=2*6, color blue, lustre glassy. 

Ovaatz (p. 284), H.=7, G.=2*6, and Tbidymite (p. 288), G.=2*8. 

2. Hardness below 7. 

(«) Give a bluish-green flame when moistened with sulphuric acid ; Xenotiee (p. 
664) ; Monaxite (p. 868); Apatite (p. 864). 

(S) Reaction for titanium.— R utile (p. 276); Brooxit* (p. 277); Octahsdbztx (p. 
277), always in square octahedrons; Pxropskite (p. 270). 

(r) Reaction for twngden. — Scbeeute (p. 884), H.=6, 0. =4*5-5. 

(1) Not included in the above; Enstatitx (p. 290)* Dialiage (p. 298); Antho p h t l - 
utb (p. 295). 


2. Fusible. 

A. Gelatinising with Add : forming a stiff Jetty upon Evaporation. 
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1. Hydrous. 


a. Hardness 5, or above 5. 

Datolite (p. 884), in glassy crystals, also rarely massive, never fibrous, fuses with a 
green flame (boron). 

Natbolite (p. 842), G. =2*17-2*25, fuses quietly and easily to a colorless glass. 
Scolecite (p. 848), Thomsonite (p. 842), on fusion often curl up in worm-like 

forms. 


b . Hardness below 5. 

Gmeunite (p. 845), H. =4*5, in hexagonal or rhombohedral crystals. 

Phillipsite (p. 845), H. =4-4*5, in twinned crystals. 

Laumonttte (p. 888), H. =8*5, becomes opaque on exposure. 

Pectolite and Analcite are decomposed by acid with the separation of gelatinous 
silica, but do not form a stiff jelly. 


2. Anhydrous. 

a . With hydrochloric acid give off sulphuretted hydrogen. 

Danaljte (p. 802), with soda on charcoal gives a zinc coating, color flesh-red to gray. 
Helvite (p. 802), manganese reaction with borax, color yellow. 

b. With soda on charcoal a sulphur reaction. 

HaOynite (p. 818), color sky-blue. 
e. Soda lite (p. 817), reaction for chlorine. 

W ollabtonite (p. 201), color white, lustre vitreous. 

Nepbeute (p. 810), hexagonal. 


B. Do not form a perfect Jelly with Hydrochloric Acid. 


1. Hydrous. 


1. Structure eminently micaceous. 

Chlorites: Penninite (p. 855); Rip[dolite (p. 856 >; Prochloritb (p. 857); laminm 
tough but not elastic, colors green to black; only partially attacked by acid. 

Vermiculites : Jefferisitk (p. 855); also pyrosclcrite, etc., colors mostly brown, 
yellow, also green, B.B. exfoliate largely, decomposed by acid with the separation of silica. 
Lbpidomelane (p. 818), color black, yields a magnetic globule. 

Autunite p. (870), H. =2-2*5, color bright yellow. 

Faklunite (p. 858), has a more or less distinct micaceous structure. 

2. Structure not micaceous. 

1. Reaction for iron: leave a magnetic residue on charcoal. 

(•) Arsenates: give arsenical fumes on charcoal. — S coroditb (p. 875), orthorhombic; 
Pharma<'osiderite (p. 876), isometric. 

O) Phosphates : give a bluish-green flame after moistening with sulphuric acid. 
Childbenite (p. 877), reacts for manganese, fuses only on the edges, H. =4*5-5. 
VrvLANTTB (p. 871), H.= 1 *5-2, fuses easily to a magnetic globule. 

2 Reaction for arsenic on charcoal. 

Phajuuooutk (p. 870). 

8. Borates : give a deep-green flame after moistening with sulphuric acid. 

Borax (p. 881); Boeaciti (p. 881); Ulexitx (p, 881); Susskxiti (p. 880). 

4. Not included above. 

(•) Hardness 5, or above 5 (apatite =5). 

Pbehxite (p. 840), H.= 6-6*5, color apple-green to white. 

Akalcite (p. 848), H. =5-5*5, fuses quickly to a clear glass. 

Pectolite (p. 887), H. =5, usually in aggregations of acicular crystals. 
Apophyluts (p. 840), H.=4 5-5, B.B, a violet-blue flame. 
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(3) Hardness below 5, 

Pinite (p. 852), H. =3 ’5-3 *5, compact 
Pachnoute (p. 265), H.=2-4, yields fluorine. 

Chaba«tk(p. 844), H.=4-5, rhombohedral. 

Apophylutk <p. 840), H.=4 5-5, tetragonal. 

Hasmotome (p. 346), H.=4*5, usually in compound crystals. 

Stilbitb (p. 846), li. =3*5-4 
Heulandite (p. 847), H, =3*5-4. 

2. Anhydrous 

1. Yield metallic lead , with soda on charcoal. 

Pyromorphite (p, 866), color green, gives a bluish-green flame on fusion. 

Mimetite (p. 866), color yellow to brown, yields arsenical fumes on charcoal. 
Vanadinttk (p. 367), color brownish-yellow to reddish-brown, with borax R.F. an 
emerald-green bead. 

Wulfenite (n. 884), color bright yellow to red, miction for tungsten. 

2. Reaction tor fluorine, with sulphuric acid. 

(«) Give a bluish-green flame after moistening with sulphuric acid. 

Amblygonite (p. 869), gives a lithia-ml to the flame. 

Tripute (p. 869), a strong manganese miction. 

Wagnerite (p. 868), color yellow to grayish. 

a Fluorite (p. 263), cleavage octahedral, perfect. 

iyolite (p. 264), fusible in the flame of a candle. 

Lepidolite tp. 314), color pink, structure micaceous. 

8. Reaction for Ixthia : give a purple-red color to the flame. 

Spodumkxe (n. 295), H. =6*5-7, G. = 3*t3-8*19. 

Triphylite ([). 369), II. =5, G. =3' 54-8 6, gives a bluish-green color to the extremity 
of the flame. 

The mica lepidolite, and also some biotite, give a lithia flame. 

4. Reaction for iron with the fluxes. 

Vksuvianite (n. 805), tetragonal, H.~6*5. 

Epidote (p. 3f)7), monoclinic, II. = 0—7. 

Garnet pt. (p. 302), is isometric, II. =6 5-7 5. 

Lepidomelank (p. 813), structure micaceous. 

Hypersthene (p. 290), orthorhombic. 

Here fall also dark -colored varieties of Ampiiibole (p. 296), and Pyroxene (p. 292). 

5. Reaction for manganese with borax. 

Rhodonite (p. 294), color usually rose-red. 

Spebsartite (manganese ganiet, p. 804). 

6. Reaction for titanium. 

Titanite (p. 835). 

7. Reaction for tungnten. 

Scheelite (p. 8*4). 

8. Not included in the above. 

Halite (p. 259), Sylvite (p. 260), soluble in water. 

Micas (pp. 811-814), structure eminently micaceous. 

Apatite (p. 864), il.=5, G. =2*0-3*25, a bluish-green flame after moistening with 
sulphuric acid. 

Pyroxene (p. 292), II. =5-6, G.=8’2-3*5, monoclinic, angle of prism 98*. 
Amphibole (p. 296), II. =5-6, G. = 2*9-8*4, monoclinic, angle of prism (cleavage 
perfect) 1244° 

Scapouteb (pp. 815-316), H. =5-6*5, G. =2*5-2 8, tetragonal; B.B. fuse with intu- 
mescence to a blebbv glass. 

Zoibite (p. 808), H.=6-6 5, G. =81-3*38, orthorhombic; B B. swells up and fuses 
to a blebby glam. 

Feldspars (pp. 819 to 326), H. =6-7, G. =2*6-2 *8, cleavage in two directions at right 
angles or nearly so; B.B. fuse quietly to a clear glam, 

Axxnite tp. 810), H.=0 5-7, G.=8*27; B.B. reaction for boron. 

Tourmaline (p. 829), H. =7, G. =2*9-3 *8; no distinct cleavage, commonly in three 
or six-eided prisms; B.B. reaction for boron. 

Garnet (p. 802), H. =65-7*5, G. =315-4*3, isometric. 
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TABLE XL 

Minerals Arranged According to Iheir CrystaUitaHoiu 

The following table contains the names of all distinct species whose Crystalline Systran 
is known. For convenience, however, the names of those which are described in detail 
in the body of the work are printed in small capitals. The species in each group are ar- 
ranged according to their specific gravities. 


Sal Ammoniac (p. 260). 

Alum (p. 805) 

Faujasite (p. 844) 

Stlvite (p. 200) 

Halite (p. 200) 

Chlorocaicite (p. 260) . . . 
Kremersite (p. 261) . . . . 

SODAUTE (p. 817) 

Analcite (p. 848) 

Nosite (p. 818) 

Ralstonite (p. 265) 

Hatjtnite (p. 818) 

? Leucite (p. 818) 

Oldhamite (p. 285) 

Pollucite (p. 200) 

PflARMACOSI DERITE (p. 

876) 

Boracite (p. 881) 

Fluorite (p. 263) 

Nitrobarite (p. 483) 

Helvtte (p. 802) 

Garnet (p. 802) 

Danaliti (p. 802) 

Hauerite (p. 244) 

Diamond (p. 228) 

Periolasite (p. 267) 


I. CRYSTALLIZATION ISOMETRIC. 
A. Lustre Unmetallic. 


Spec. Gravity 

Hardness. 


Spec. Gravity 

Hardness 

1*53 

1*5-2 

Arsenolite (p. 284) .... 

8*70 

1*5 

1*56-2 

2-2*5 

Nantokite (p. 260) 

8*98 

2-2*5 

1*02 

5 

Spinel (p. 271) 

8*5-41 

8 

1*9-2 

2 

Hercynite (p. 272) 

8*0-8*05 

7*5-8 

2*1-2*26 

2*5 

Alabandite (p. 287). . . . 

8-95-4 

8 - 5-4 



Percylite (p. 202) 


2*5 



Sphalerite (p. 237). . . 

8*9-4 *2 

8*5-4 

214-2-4 

5*5-6 

? Perofskite (p. 270). 

4*04 

5*5 

2*2-2*29 

5-5*5 

Chrompicotite (p. 274) . 

4*12 

8 

2 ‘25-2*4 

5*5 

Tritom ite (p. 840) 

8 *9-4*7 

5*5 

24 

4*5 

Pyrochlore (p. 850). . . 

42-4*85 

5-5-5 

2*4-25 

5-5*5 

Pyrrhite (p. 859) 


6 

2*4-2*56 

5*5-6 

Gahnite (p. 272) 

4-4*0 

7*5-8 

258 

4 

Thorite (p. 840) 

4*3-5*4 

4*5-5 

2*9 

0*5 

Hatchettolite (p. 428). . 

477-40 

5 



Manganosite (p. 481). . . 

5*118 

5*6 

2 ‘9-3 

2*5 

Scnarmonite (p. 284 ). . 

52-5*3 

2 25 

2*07 

7 

Embolite (p. 260) 

58-5*4 

1-1*5 

8*19 

4 

Microlite (p. 859) 

5*25-5 66 


8*16-3*4 


Ckrargyrite (p. 260). . 

5-5 5 

1-15 

8*1-8 8 

6-6*5 

I Xluantajayite (p. 259). . 



3*15-4*3 

0*5-7*5 

jlodobromito (p. 420). . . 

571 


8 48 

5*5-6 

Bromyrite (p. 260) 

58-6 

2-8 

846 

4 

! Cuprite (p. 266) 

58-6*15 

8*5-4 

3*58 

10 

Eulytite (p. 802) 

5*0-6 

4*5 

8*67 

6 

j Bunsenite (p. 267) 

04 

5*5 


Cubanite (p. 245) 

Pkropskite (p. 270) 

Chromite (p. 274) 

Tennantite (p. 256) . . . 

Binnite (p. 251) 

Magnesioferrite (p. 278). 

Jaoobsite (p. 272) 

Corynite (p. 247) 

Bornite (p. 287) 

Tetrahbdritk (p. 255). 

Linnjute (p. 245) 

Prmrra (p. 248) 

Magnetite (p. 272) .... 
Franklinite (p. 278). . . 

Julianite (p. 256) 

Grfinauite (p. 287) 

Grrsdorffitb (p. 246). . 

Cobaltite (p. 246) 

Ullmannite fp. 247). . . 
Smaltitk (d. 245) 


B. Lustre Metallic (and Submktaluc). 


Spec. Gravity 


Hardness. 


4*03-4*2 

404 

4*8-4 *6 

4*4-45 

448 

4*8 

475 

4*09 

4 4-5*5 
4*5-5 *1 
4*8-5 
4*8-5 *2 
4*0-5 *2 
5*07-5*00 
5*12 

5 18 
5*6-6 *0 
6-6*3 
6*2-6*5 
6*4-7 *2 


4 

5- 5 
5*5 
8*5-4 
4*5 

6- 6*5 
6 

4*5-5 

8 

8-4*5 

5*5 

6-6*5 

55-6*5 

5*5-5*5 

soft 

4*5 

5*5 

5*5 

5-5*5 

5*5-6 


Skutterudite (p. 246) . . 
Polyargyrite (p. 257) . . j 

Laurite (p. 247) | 

Argentitk (p. 285) 

Beegerite (p. 421) 

Galenite <p. 285) 

Iron (p. 226) 

Cleveite (p. 428) 

Metacinnabarite (p. 241) 
Clausthalite (p. 286). 
Naumannite (p. 285). . . 

Altaite (p. 28 7) 

Copper (p. 225) 

Uraninite (p. 274) 

Silver (p. 228) 

Palladium (p. 224). . . . 

Amalgam <p. 225) 

Gold (p. 221) 

Platinum (p. 228). . . . 
Platiniridum (d. 224) . . 


Spec. Gravity 

Hardness 

6*7-6 *8 

6 

6 07 

25 

6*99 

7 above 

72-7*4 

2-25 

727 


7*25 7*7 

2 5-8 

7*3-7*8 

45 

7*40 

55 

7*5-7*7 

8 

76-8*8 

204 

8*0 

25 

8*16 

8-8 5 

8*84 

2*5-8 

8-0*25 

55 

10*1-11 1 

2*5-8 

11*8-11*8 

4*04 

14 

8*8-5 

15*6-19*5 

2*0-8 

10-10 

4-4 5 

22*6-28 

6-7 
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The commonly occurring forms of some of the Ieometric minerals are at follows: 

1. — Octahedrons. — Alum; Chromite; Cuprite; Diamond; Franklinite; Hatchettolite: 
Magnetite; Microlite ; Pyroehlore; Ralstonite; Spinel (inch heroynite, etc.); Uraninite (and 
deveite). Also Laurite; Fyrrhite; Senarmontite, and lees oommonly Galenite; Fluorite. 

2. Cube**— Boracite; Cerargyrite; Fluorite; Galenite; Halite; Percy litc; Perofskite; 
Pharmacoeiderite; Pyrite; Sylnte. 

8. Dodecahedrons. — Amalgam ; Cuprite ; Garnet; Magnetite. 

4. Trajfezohedrons . — Garnet; (?) Leucite; Analcite. 

8. Pyritohedrone. — Cobaltite ; Gersdorfflte ; Hauerite; Pyrite. 

The Cleavage of Halite, Syivite. Periclasite, Galenite is eminently etiitc ; — of Fluorite, 
Magnetite, Diamond, eminently octahedral ;—ot Sphalerite, eminently dodecahedral* 

II. CRYSTALLIZATION TETRAGONAL. 

A. Lustre Unmktaluc. 



Spec. Gravity 

Hardneas. 


Spec. Gravity 

Hudaw. 

MelHte (p. 418) 

. 1*55-1 65 

i 8-2*5 

Adelpholite (p. 868). . . . 

8-9 

8-6-45 

Apophylute (p. 340). . 

. 2 8-2 4 

4*5-5 

OCTAH SPRITE (p. 877). . 

8-8-8-95 

6 5-6 

Lee we i to (p. 804) 

. 2 88 

2-5-8 

Rutile (p 876) 

4-18-4*25 

6-6-5 

f Leucite* (p. 818) . . 

. 2-4-2*56 

5 5-6 

Xknotime (p. $04) 

'Zircon (p. 804) 

Azorito (p. 859) 

4*45-4-56 

4-5 

Sareolite (p. 316) 

Wernebitb (p. 816). . 

. 2-5-2*9 
. 2(18-2*8 

6 

5-6 

4-4*75 

7-5 

Meionite <p. 815) 

. 2 6-2 74 

5 5-0 

liomeiteip. 876) 

4-7 

5-0 

Edingtonite (p. 841). . 
Chiolite (p. 264) 

. 2*7 

4-4 5 

Hipvlite (p. 480) 

489 

6 

. 2*7-2*9 

4 

Moiiimohte (p. 870). . . . 

5 94 

4 5-5 

Sellaite (p. 264) 

. 2-97 

5 

SCUEKLITE (p. 884) 

59-008 

4*5-5 

Gehlenite (p. 881) 

. 2-9-8 07 

55-6 

Phosoenitk (p. 408)... 
Calomel (p. 260). 

6-6 8 

2*75-8 

Mellilite (p. 806) 

. 29 8 1 

5 

6 48 

1-2 

Chodneffite (p. 204). . . 

. 80 


Cashitkritk (p. 275). . . 

0-4-71 

6-7 

Zeunerite (p. 879) 

. 8 2 

2-2 5 

WULEENITK (p. 884) 

6-701 

2-75-8 

VE8U VTA KITE (p. 805). 

. 8 35-3 45 

05 

Eosite (p. 385) 


8-4 

Torbernite (p 878) . . 
Kochelite (p. 868) 

. 8 4-8*0 

2-2-5 

'Matlwikite (p. 262) 

jStolzite (p. 884) 

72 

2*75-8 

. 8 74 

8-8 5 

7*9-818 

2*75-8 


B. Lustke Metallic (and Submktallic). 



Spec. Gravity 

! Ilardne**. 

( 

i 

Spec. Gravity lUrdnera. 

Chalcopyritb (p. 244). 

Stannite (p. 245) 

Hausmannite (p. 277). . 

41-4*8 

4 -8-4*5 
| 4*72 

8 *.1-4 

4 

5-5*5 

Braunite (p. 277) 

Fergubonite (p. 862). . . 

1 Nagy auite (p. 249) 

4-75-4*8 j 
5 84 ! 

6*85-7-2 1 

0- 05 
5*8-6 

1- 15 


III. CRYSTALLIZATION HEXAGONAL. 
A. Lustre Ukxetaluc. 


Ettringite (p. 885) 

Coqoimbite (p. 885) 

Gkelikite (p. 845) R # . 
Chabajeitk (p. 844j R. . 

Levynite (p. 848) ft 

Zincaluminite (p. 440). . 
? Tridymitc (p. 888)... 

Hallite (p. 855) 

Canerinfte (p. 317) 

Chaloophyllite (p. 875). 
Hiphcuti Ip. 316) 


j Spec. C. rarity BardneanJ 


1*75 

2 

2-2 1 

2-2*5 

2*04-2*17 

4*5 

209-219 

4-5 

21-2-10 

4-4*5 

2*20 

2-5-3 

220-288 

2*4 

7 

2 *4-2*5 

5-0 

2*4-2*06 

2 

2*5-2*65 

5 5-0 


Pyrosmalite (p. 840). . . 

Dreelite (p. 890) R 

Macuobsitk (p. 402) R. . 
Cronstedtite (p. 857). . . 
Dioptasb (p. 801) R. .. 
RnoDocnaoerr* (p. 408) 

! H 

Volborthite (p. 874). . . . 
Baucrrc (p. 281) E. . . . 
Sidekite (p. 408) R 


Spec. Gravity 

Utrdndft* 

8-8-2 

4 4 *5 

82-84 

85 

8*8 

8*5-4 *5 

885 

25 

885 

5 

84-8*7 

85-4*5 

8-55 

8-8*5 

8*0-4 

25 

8*7-8 *8 

8 5-4*5 


* Species, after whose names an it is written, belong to the Rhombohedral Division. 
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Spec. Gravity 

Hardness. 


Spec. Gravity 

Hardness. 

Quartz (p. 384) R 

Calcite {p. 898) R 

2*5-2 *8 

7 

WlLLEMITE (p. 801) R. . 

8*9-4 *8 

5*5 

2-5-2 78 

2-5-8-S 

Sbothsootte (p. 404) R. 

I Paris! te (p. 408) 

4-4*45 

5 

Microsommite (p. 817) . 

2-flO 

6 

4*85 

4*5 

A Ionite (p 896) R 

2 ’6-2 *76 
2*6-2*76 

8*5-4 

Covellite (p. 249) 

4*6 

1*5-8 

Beryl (p 299) 

7*5-8 

Ccrite (p. &40). 

4*91 

5*5 

PenninTte (p. 855) R. . . 

2*6-2*85 

2-2*5 

Fluocente (p. 264) 

4*7 

4-5 

Catapleiite <p. 839) 

2*8 

6 

Greenockite (p. 242) . . 
Zincite (p. 266) 

88-5 

8-3*5 

Dolomite (p. 401) R. . . 

2*8-2 9 

8*5-4 

5*4-5*7 

4-4*5 

Eudialyte (p. 299) R. . . 

2*9-8 

5*5 

Hodyrite (p. 260) 

55-5*7 

soft 

Tourmaline (p. 829) R. 

2*94-8*8 

65-7*5 

Proustite (p. 258) R. . . 

5*4-5*56 

3-2*5 

Ankerite (p. 402) R. . . 
Apatite (p. 864) 

2*95-3*1 

2*9-3*25 

8*5-4 

5 

j Pyrargyrite (p. 252) R 
Schwartzembergite (p. 

5*7-5 *9 

2-2*5 

Phenacite (p. 801) It. . . 

2 96-8 

8 

262) 

5 7-6*8 

2-2*5 

Seybertite (p. #158) 

8-8*1 

4-5 

Tysonite (p. 489) 

6*13 

4*5-5 

Friedelite (p. 802) It. . . 

8*07 

4*75 

Pyromorphite (p. 866). 

6*5-71 

8*5-4 

Breunerite (p. 402) R . . 

8-82 

4-4*5 

Vanadinite (p. 867). ... 
Mimetite (p. 866) 

6*7-7*28 

2*5-8 

Wurtzite (p. 242) 

Corundum (p. 267) R. . . 

8 98 

8 9-4 *16 

8*5-4 

9 

7-7*25 

8*5 


B. Lustre Metallic (and Submetallic). 



Spec. Gravity 



Spec. Gravity 

Hardness. 

Graphite (p. 280) 

2*1-2*23 

1-2 

Allemontite (p. 227) — 

613-62 

3-3 5 

Chalcophanite (p. 288).. 

8*91 

2*5 

Antimony (p. 227) R. . . 

6*6-6*7 

3-3*5 

PYRKnOTITK (p. 241) 

4*4-4 *7 

8-5-45 

Tkdradymite (p. 233). . 

7*2-79 

2 

Molybdenite (p. 288). . 

4*4-4 *5 

1-1 -5 | 

Niccolite (p. 242) .... 

78-7*7 

5-5*5 

Menaccanite (p. 269) R 

4*5-5 

5-6 1 

Brcithauptite (p. 243). . 

754 

5*5 

Hematite (p. 268) R. . . 

4 5-5 8 

5*f)-6*5 

Joseitc (p. 238) 

7 93 

soft 

Beyrichite (p. 241) 

4*7 

8-8*5 j 

Wehrlitc (p. 288> 

8*44 

1-2 

Milleritk (p. 241) R . . 

4*6-5*65 

3-3*5 1 

Cinnabar (p. 240) R . . 

9*0 

2-2*5 

Pyrargyrite (p. 252) It 

5*7-59 

2-2 5 | 

Bismuth <p. 227) 

9*78 

2-2*5 

Arsenic (p. 226) It 

Tellurium (p. 227) 

5*98 

61-6*8 

8*5 1 

2-25 | 

Iridosmine (p. 224) j 

19 3-21 

6-7 


The crystals of the following species are sometimes Pseudo-Hexagonal (see pp. 96, 97, 
and 188-190) as a result of repeated twinning : 

Aragonite, cerussito, chrysoberyl, jordanite, leadliillite, milarite, stephanite, strontian- 
ite, witherite, zinkenite. 

The species of the mica group and most of those of the chlorite groups are also Pseudo- 
IIrx agonal, the true form (monoclinic) approximating very closely to that required by 
the hexagonal system. 

IV. CRYSTALLIZATION ORTHORHOMBIC. 

A. Lustre Unmet allic. 


Struvite (p. 871) 

Lecontite (p. 893) 

Aphthitalite (p. 890). . . 

Mascagnite (p. 892) 

Epsomite (p, 894) 

Fauserite (p. 894) 

Nitre (p. 879) 

Erythroeiderite (p. 361). 

Newberyite (p. 482) 

Goslarite (p. 895) 

Sulphur (p. 838) 

Natroute (p. 843) 

? Pilinite (p. 844) 

IGismondifce (p. 841) . . 

Eudnophite (p. 844) 

Thomson itb (p. 843)... 
Wavelut* (p. 876). . . . 
Soorodite (p. 875). 
Forsterite (p. 800) 


Spec. Gravity 

Hardness. 


Spec. Gravity 

Hardness. 

1*65-17 

2 

Zoisite (p. 808) 

8 1-3*38 

0-65 


2-25 

! Dufrenite (p. 878) 

8*2-8*4 

8*5-4 

1*73 

8-3-5 

1 Calamine (p. 889) 

3*16-8*9 

45-5 

178 

2-2 5 

? Astrophyllite (p. 813). 

8*82 

8 

1*75 

2-25 

Hypersthene (p. 290). 

8*89 

5-6 

1*89 

2-3-5 

’Euchroite (p. 878) 

8*89 

3 * 5-4 

1*94 

2 

Diaspore (p. 279) 

■Chrysolite (p. 800) 

Uranospinite m. 879) . . 
Orpiment (p. 281) 

8*8-8*5 

8 *8-8*5 
845 

65-7 

6-7 

2-8 

204 

2-2*5 

8*48 

1 * 5-2 

307 

2*17-2*25 

1 *5-2*5 
5-5*5 

Guarinite (p. 886) 

ISerpierite tp. 436) ! 

8*49 

6 

2*26 


iLangite (p. 897) 

8*5 

2 * 5-3 

2 265 

45 

ITriphylite (p. 869). ... 
Topaz (p. 882) 

8 54-8*6 

5 

2*27 

55 

3*4-3*68 

8 

23-2*4 

5-55 

Ardenmte (p. 310) 

3*0*3 

6-7 

284 

8 4 

iTaiPLiTB ip. 869) 

8*4-8 *8 

4 - 5*5 

81-8*8 

3*2-8*88 

3*5-4 

6-7 

;Sta UROLITH (p. 886) 

i 

34-3*8 

7-75 
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Spec. Gravity | H»rdnc*«.| »p*c. Gravity Martino**. 

Forwite (p. 847) 2*41 : Unnoeiitito <p. 489). . . 8*58 

Kaolinite (p. 851) 2*4-2*68 1-2 5 Chrysobkryl (p. 274.. . 8*5-8*84 8*5 

Peganite (p. 878) 2*5 8-8*5 Stroxtianitk <p. 406) . 8*8-8*71 8*5-4 

Milarite (p. 432) 2*5-2*59 5*5-6 Knebelite ip. 800) 8*71 6*5 

Kieserite (p. 894) 2*52 2*5 Libkthknitk (p. 878) . J 8 6-8*9 4 

Iolite (p. 801) 2 56-2*67 7-7*5 Bromlita (p. 406) i 8 7 4-4*5 

Lanthanite (p. 410). . . 2*6-2*67 2*5-8 Atacanitk (p. 261) 8*76-8*9 8-8*5 

TTalc (p.848) 2 *6-2 *8 1-1*5 Claudetito (p, 284) 3*85 

Aspidolite (p. 812) 2*72 1-2 llortonolite ip. 300) j 8*01 6*5 

Pyeophyllitk (p. 349),. 2 75-2*9 1-2 Oklkstitk (p. 888) >8*9-8*98 8-8*5 

Phlooopitk (p. 812). . . 2*78-2*85 2*5-3 Kcppperito (p. 300) * 8*98-4*08 5*5-6 

Haidingerite (p. 871). . 2*85 1 *5-2*5 Sternbergite (p. 240) . . . ' 4*21 1-1*5 

Peehntte <p. 340) 2*8-2*9 6-6*5 Ccrvantite (p. 284) 1 4 08 4-5 

Strengite (p, 437) 2*87 8-4 Tephroite (p. 800) , 4-4*12 5*5-6 

Aragonite (p. 40*») J 2*93 8*5-4 . Brook itk (p. 277) * 4*03-4*28 5*5-6 

Anhydrite (p. 889) I 2 *9-2 *98 I 8-3*5 Goth itk (p. 280) ! 4-4*4 5-5*5 

Harden t« (p. 870) *2 98 j 5 Omvrnite (p. 373) 4 1-4*4 8 

Villarsite (p. !14 ! >) i 2*99 ' 4-5 With kbit*: (p. 406) \ 4*8 8-8*75 

Fluellitc (p. 264) I ! 8 ’Barite <p. W7) 4 8-4*7 2 5-8*5 

Danburite (pp. 311,424)1 8 7-7*25 .Molylidit* (p. 284) .... 4*5 1-2 

ManganocaIcito(p. 406).! 8*04 4-5 KrxExtTE ip 362) 4*6-5 6*5 

Diaclasite (p. 291) 8*0) 8*5-4 JPolymlgnito (p. 862). .. 4*7-4*85 8*5 

Kupfferite (p. 296) j 3*08 5*5 1 Polyonmn (p. 362) 5*1 5*5 

Seyoertite (p. 358) 3-3*1 4-5 LEschynitk (p. 862). . . J 4*0-5*14 5-6 

Tyrolite (p. 8?4) 3-3*1 1-2 jCotunnite (p. 261) 5*24 soft. 

Reddingite (p. 435) . . . 3*10 3-3 5 ;Vale.ytinitk ip. 284). . . 5*57 2*5-8 

Autunitb (p. 379) . ... 8 05-3*19 2-2*5 Dcsoloir.ito (p. 367) . . . . 5*84 8*6 

Anthophylwte ( p. 295). 3 1-3*2 5*5 jPucherite (p. 887) 5*91 4 

Andalusitk (p. 881). . . 3*1 -3*2 7 5 'Angi.ewtk (p. 389) 6*1-6*39 2*75-8 

HuNiTE(p. 327) 3*1-8*24 6-6 5 .Kentrohte ip 480) 6*10 5 

Monticellite (p. 800) 3-3*25 5-5*5 Leadiiillite (p. 890). . . 6*26*0*44 2*5 

Kosphorite ip. 428).. . . 8*13 5 CERrsNiTK (p. 407) 6*48 8-8*5 

Childrenite (p 877).. 8*18-8*24 4*5-5 i Nadorite (p. 370) 7*02 8 

Enstatite (p, 290) 31-8*8 5*5 i Momlipita ip. 202) 7-7*1 2*5-8 

B. Lustre Metallic (and Submktallic). 

taper. Gravity HuhIikm. Spec. Gravity Hnrdiicr*. 

Ilvaite (p. 809) j 8*7 -4 *2 5*5-6 Jamkronitk (p. 251) . . . 5*5-5*8 2-8 

Manoanitk ip. 280). . . j 4*2-4*4 4 Chaloocitk ip. 289) 5 5-5*8 2*5-8 

Chaleostibite (p. 250). . . 4*25-5 8-4 Coujmbite (p. 380). . . . 5*4-6 5 6 

Ena rgite (p. 257) 4*44 3 Hournonite ip. 258) . . . 5*7-5*9 2*5-8 

Epigenite (p. 258) 3*5 Diaphorite (p. 252) 5*90 2*5-8 

Spathiopynte (p. 246). . 4*5 6-7 Giaucodot (p. 248) 0*0 5 

Stibnite (p. 282). . . . . . 4*52 2 Aikinita (p. 254) 6*1 6*8 2-2*5 

Famatinite (p. 258) 4*57 8*5 Poltbabite (p. 257) 6 21 2-8 

Klaprotholite ip. 251). . 4*6 2 5 . Stej'HAMTK (p. 256) 8 27 2-2*5 

Mabcabitk (p. 247) ... . 4*7-4*85 6-6 5 , Stromeyerita (p 240). . 6*2-0*3 2*5-8 

Livingstonite (p. 232). . 4*81 2 j WolfacniU? (p. 247), . . . 6*37 5*5 

Sfcylotypite (p. 254) . . . . 4*79 8 ,AraetiopyrUc (p. 247), . . 6*6*4 5*5-6 

Ptrolusite <p. 278) ... 4*82 2-2 5 j .Jordanite (p. 251) 6*4 

Witticbenite (p. 254)... 5 3*5 j Geocronite (p. 257) 6*4-6 6 2-8 

Gueiarite (p. 428) 5*08 8 5 Alloclasitc (p. 248) 6 6 4*5 

Guanajoatite (p 283) . . 5*15 j Bismuth in itk ip. 282). . 64-7*2 2 

Emplectite (p. 250) 5*1-5*26 2 2*5 Leucopy rite (p. 248) .. . 6*2-7*3 5-5*5 

Zinkentte (p. 250) 5*85 8-8*5 LflUingite (p. 248) 6*8-8*7 

Bavtorite (p. 250) 5*39 8 Acanthite (p. 289). . . . 7*16-7*8 2*5 

Samarskite (p. 861V.. . 5*45-5*7 ! 5*5-6 Tantaute (p. 859) .... 7-8 6-6*5 

Dufrenoysitb <p. 251). 5 5-5*6 8 Hewhte (n. 288) 8*8-8*6 2-8*5 

Yttrotantaute (p. Krenneritc ip. 480) 

801 1 15*4-5*9 5-5*5 Dysckasite (p. 284). . . 


9 4-9*8 


8 * 5-4 



CRYSTALLIZATION MONOCLINIC. 
A. Lustbe Unhetallic. 







I 

! 

Hardness. 

Natron (p. 409) 

1*42 

1-1*5 

Wagnbrite (p. 868). . . 

8*07 

5-5*5 

Mieabilite (p. 302). . . 

1*48 

1*5-2 

KOttigite (p. 873) 

81 

2 5-3 

Borax (p. 381) 

1*72 

2-2*5 

Ludlamite (p. 372). . . . 

8*12 

8*5 

Copperas (p. 894) 

1 *8-2*2 

2-2*5 

Spodumene (p. 295). . . 

8*1-810 

6*5-7 

Gay-Lussitb (p. 409). . 

1*9-1*90 

2-3 

Lazuute (p. 875) 

8-8*12 

5-6 

Bofcryogen (p. 895) 

Whewellite (p. 412). . . . 
Teona (p. 408) 

2*04 

2-2*5 

Euclase (p. 888) 

8*1 

7*5 

2*11 

2*5-8 

2*5-3 

Herrengrundite(p. 428) 
Johanmte (p. 897) 

8*18 

8*19 

25 

2-2*5 

Hydromagnesite (p.409) 

2*14-2*18 

8*5 

Chondhodite (p. 827). 

3*1-8*24 

6-6-5 

Soolecztr (p. 843) 

2 *1-2 *4 

5-5*5 

Clinohumite (p. 828). . 

Fibrolite (p. 881) 

Allanite (p. 808) 

81-8-34 

6-6*5 

Stilbite (pp. 846, 487) 
Phillipsitk (pp. 845, 

2*00-2*2 

85-4 

82-8*8 
8-4 2 

6-7 

5*5-6 

488) ... 

2*20 

2*2 

4-45 

8*5-4 

Epidote (p. 307) 

8*25-8*5 

82-8*5 

6-7 

Heulanditb (p. 847). . 

Pyroxene* ( p. 292) 

5-6 

Gypsum (p. 892) 

28-S-88 

2-8-2-4 

1*5-2 

Acmite (p. 294) 

8*2-8*58 

6 

Gibbsitk (p. 282) 

25-3*5 

Homilite*(p. 429) 

8*84 

4-5-5 

Syngenite(p. 894) 

2-25-2’0 

2*5 

Dickinsonfte (p. 425). . . 

8*84 

8-5-4 

Laumontite (p. 888). . 

2 -25-2 -80 

8*5-4 

Piedmontite (p. 808). . . 
Fillowite (p. 427) 

8 4-4 

6*5 

Kpistilbite (p. 847). . . 

2*25-2 86 

4-4*5 

8 '48 

4*5 

Brewsterite (p. 847). . . . 

2*48 

4-5-5 

i Realgar (p. 281) 

8*4-8*6 

1*5-3 

Petalite (p. 295) 

2*4-2* 5 

6-6*5 

(Titanite (p. 885) 

8*4-8 56 

5-5*5 

Harmotome (p/346). . . 

2*45 

45 

^girite (p/ 294)/. 

8-46-8-0 

5*5-6 

Oethoclase (p. 825). . . 

2*4-2 *6 

6 6 5 

jKeilhauite (p. 836) 

8*7 

0*5 

Vivianite (p. 871). . . . 

2-58-2*68 

1*5-2 

Azurite (p. 411) 

8*5-8*88 

8*5-4 

Ripioolite (p. 856) . . . 

2*6-2*8 

2-2*5 

Barytocalcite (p. 408) 

8*64-8*66 

4 

Pbctoute (p. 887). . . . 
Phabmaoolite (p. 870) 

2*65-2*8 
2*6-2 78 

5 

2-2*5 

(Triploidite (p. 489). . . . 
jChalcomenite (p. 422). . 

8*7 
| 8*76 

4*5-5 

Glauberite (p. 891). . . 
Biotitr (p. 812), Lepi- 
oolite and other 

26-2*85 

2*5-8 

Malachite (p. 411). . . 
IBrociiantite (p. 896). 
TrBgerite (p. 879) 

i 8*7-4*01 
, 8 8-8*9 
8*96 

8*5-4 

85-4 

MlCA8 

27-3*1 

2*5-3 

Durangite (p. 870) 

3-95-4*08 

5 

Muscovite (p. 818) 

Vaalite (p. 8o5) 

2*7-8‘l 

2-2*5 

Gadolinite <p. 309). . . . 
IPyrostilpnite (p. 252). . j 

4-4*5 

4*2-4*25 

6*5-7 

2 

WoLLASTONITK (p. 291) 
Datolite (p. 884) 

2 78-29 
2*8-8 

4*5-5 

5-5*5 

Clinoclasite (p. 374). . , 
! Monazite (p. 368), Tur- 

4*2-4*86 

2*5-8 

Hyalophank (p. 822). . 
Prochlorito (p. 857) . . . 
Corundophilite(p. 85S). 

2 8-2*9 

6-6*5 

| nerite 1 

4*9-5*26 

5-55 

2*8-2*96 

1-2 

iMiaroyrite (p. 249). . . 

5*2-5 24 

2-2*5 

2*9 

2*5 

! Linaritu (p. 896) 

5*8-5*45 

2*5 

Isoolasite (p. 818) 

2*92 

1*5 

{Yauquelinite (p. 886). 

5*5-5*78 

2*5-8 

Cryolite (pp. 264. 424) 
Thomsenollte (p. 488). . 

2*9-8 

2*5 

iLaxmannite (p. 886). . . 
Walpurgite (p. 879). . . 

5*77 

5*8 

8 

Pachnolite (p. 265). . . 
Leucophanite (pp. 800, 

2*93-8 

25-4 

Crocoite (p. 385) 

Lanarkite <p. 891) 

59-6*1 

6*8-7 

2 5-3 
2-2*5 

480) 

2*97 

8*5-4 

! Caledon) te (p. 391). . . . 

64 

2*5-8 

Maeoaritb (p. 857). . . 

2*99 

8 5-4*5 

iMegabasite (p. 888). . . . 
jHQbnerite (p. 888) 

! 

6*45 

85-4 

Amphibole (p 296). . . . 
Erythrite (p. 872)...! 

2*9-8 *4 
2*95 

5-6 

2-25 

7-14 

45 


B. Lustre Metallic (and Subnet allic). 



3p©c.Gr**Ry 



! 

i 

Hardness. 

Allanite (p. 808) 

Clarite (p. S&8) 

Crednente (p. 278) 

Miaegyxjte <p. 240).. . 
Plagionite (p. 251) 

8-4*2 

4*46 

4*0-51 

5*2-5*4 

5*4 

6*5-8 

3*5 

4*5 

2-2*5 

2*5 

Meneghinite (p. 256)... 

Freubslebenite (p.252) 

Wolframite (p.383).. 
Sylyanete (p/848).... 

6*84 

6-6*4 

7*1-7*55 

8-8*8 

2*5 

2-2*5 

5-5*5 

1*5-8 
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CRYSTALLIZATION TRICUNIC. 


jspec. Gravity 

Hardness. 


Spec. Gravity 

* 

I 

t 

£ 

Sassoute (p. 880V. . . . 

1*48 

1 

sEggonite (p. 425) 


4-5 

Hannayitefp. 428) 

! 19 


Amblycjoxitk (p. 869). . 

8-811 

6 

Chalcanthitk <j>. 804) 

i 2*21 

2-5 

‘Fairfteldite (p. 426). . . . 

8*15 

3*5 

Wapplerite (p. 871). . . 

1 2-48 

2-2-5 

Axinite (p. 810) 

8*27 

6*5-7 

Microcline (p. 826) 

Albits (p. 3128) 

2-54 

2 -59-2 *65 

' 6-7 

Babingtonite (p. 295).. 
OrANrrK (p. 882) 

8*8-8*87 
8*4-8 7 

5 5-6 
5-7*25 

Oliooclase (p. 828). . . 

2*65-2 69 

8-7 

‘Rhodonite (p. 294) 

84-8*7 

5W5 

Labrado&itk (p. 321). 

2*67-2-76 

6 

‘Vessel vile (p. 878) 

8*5 

4 

Monetite (p. 432) — 

2*75 

8-5 

IRneolite <p. 3172) 

8*5-8*58 

8*5 

Andesite (p. 822) 

2 61-2 74 

6 

j? BROTH ANTITK (p. 896). 

8*8-8 *9 

8*5-4 

Anorthite (p, 321). . . 

2-06-2*78 

1 

6-7 

1 

I Pseudomalachite (p.874) 

4-44 

4*5-5 


m. AUXILIARY TABLES. 

A. Minerals whose Hardness is equal to, or greater than, 7 (Quartz =7). 


Quartz fp. 284) 
Tridymite (p. 288) 

Hardness. Cryst. # 

7 III. (It) 

Euclnse (p. 838) 

Hardness. 

7 5 

Crpt 

7 III.? 

Zircon (p. 3114) 

7*5 

1L 

Danburite (p. 31 1 ) 

7 IV. 

Andulusite (p. 881) 

7 5 

IV. 

Boraeite (crystals) (p. 

381) 7 I. 

Beryl (p. 299) 

7*5-8 

111. 

Cyanite (p. 8312) 

5 7*25 VI. 

Phenacite (p. 3)01) 

7*5-8 

111. (R) 

Tourmaline (p 329) 

0*5-7 *5 III. (U) 

Spinel ip. 271) 

8 

1 . 

Garnet (p. 302) 

65-7-5 I. 

Topaz (p. 832) 

8 

IV. 

Iolite (p. 811) 

7-75 IV. 

ChrysoIxTyl (p. 274) 

8*5 

IV. 

Stauroiite (p. 386) 

7-7*5 IV. 

Corundum (p. 267) 

9 

Ill (R) 

Schorlomite (p. 337) 

7-7*5 — 

Diamond (p. 228) 

10 

I. 


The following minerals have hardness equal to 6-7, or 6-5-7. 

Iridosmin<\ III. — Cossitorito, II.; Inasnore, IV. ; Chrysolite, IV.; ftpodumeno, V. ; 
Epidote, V.; Ardennite, IV.; Gadolinitc, V. ; Fibrolitc, V. ; Feldspars, VI.; Axinite, VI. 

B. Unmetallie Minerals which are distinctly foliated in some of their varieties. 

1. Micaceous: easily separable into very thin lamina?, flexible to slightly brittle. 

a. Micas (pp. 31 i to 315? : lamina? tough and elastic, exce pt when they have under- 
gone alteration; Anhydrous. Here arc include the sixties: Phlogopilc; tiiotite; Musco- 
vite; Lepidolite; Ciyophyllite. Those graduate into tnc 

Hydro-micas jpp. 858, 854), in which the lamina; are inelastic and more or less 
brittle. Here belong; Fahiunite; Margarodite; Damourite; Paragonite; Cookcite; Eu- 
phyllite; Oellacherite, etc. ; and related to these, Margnrite. 

Lepidometane is another mica (anhydrous or nearly so) whose folia are nearly in- 
elastic. Astrophyllile is a micaceous member of the pyroxene family. 

h. Chlorites (355 to 857): lamina? tough but mostly inelastic; hydrous ; color gen- 
erally dark-green. Here are included : Pcnnihite; Hipidolite : Prochlorite, etc. These are 
related to the Vermiculites (p. 855*, in which the iamirue are less tough, being more or 
less brittle: Jefferisite; Pyrr>sclerite, etc. 

e. PvrophvUite. Talc, sometimes rather micaceous, lamina; soft, and somewhat 
greasy to tne ieef. Brucitc is related in character, but differs chemically in being soluble 
in acids. 

<L Torbernite color deep-green; Autnnite, color yellow to bright-green, lamina? brittle. 


* Here, as elsewhere, I. = Isometric; 1 1. = Tetragonal; 1 1L= Hexagonal; IV. =r Ortho- 
rhombic; V. = Monoclinic ; VI. =Triclinic. 







m 


AFFBJTDIX. 


I. Not properly micaceous, though separable more or leas easily into thin iamins. 

Chlontow (a 858) and Scrrtbertite (p. 858) are foliated, the laminae not separating 
easily. So also Broniite, HjpowMaa DisSlage, and Marmolite. 

Gypsum sometimes oooom in soft, tarime (var. Selenite), slightly flexible 

Zincite and Etythrite are sometimes foliated bat not sepazable. 

0. JJnmetaUic Minerals ichieh in sms of their varieties Ante a ftbeoub structure. 

1. Easily sepazable into flexible fibres. 

Asbestos (samphibole) ; Crocidoiite ; Chrysotile (=serpentine) ; Anthrosideiite. 

8. Fibrous, not easily separable ; structure graduating into columnar. 

Anhydrous Sdieates:— Enstatite ; Wollastonite ; Fibrolite; also, though more property 
columnar in structure : — Cyanite ; Epidote ; Tourmaline. 

Hydrous Silicates, Zeolites mostly Thorasonite ; Okenite ; Natrolite ; Soolecite ; Pecto- 
ttte ; Oarpholite. Also some Serpentine. 

Pksphates ; Arsenates Wavellite ; Oacoxenite; Pharmaoolite ; Dufrenite ; Olirenite 
Vinanite ; Pyromorphite. 

Sulphates: Anhydrite; Barite; Oelestite; Gypsum. 

Carbonates: — Cal cite ; Rhodochrositc ; Magnesite; Hydromagnesite; Aragonite; Mala- 
chite. 

Also:— Brucite (nemaiite); Sussexite; Ulexita 
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Abriachanite, 430. 

Acadialite, 344. 

Acanthito, 239. 

Achrematite, 885. 

Achroite, 380. 

Acmite, 294. 

Actinolite, 297. 

Adamine, Adamite, 878 ; 420. 
Adelpholite, 383. 

Adular, Adularia, 825. 
iEgirine, ^Eeyrite, 294. 
Agrinite, 350. 

AEsehynite, 382. 

Agalmatolite, 349, 352. 

Agaric mineral, 400. 

Agate, 286. 

Aglaite, 420. 

Agrieolite, 302. 

Aucinite, 254. 

Aikite, 435. 

Akanthit, «. Acanthito. 
Akmit, v. Acmite. 
Alabandite. 237. 

Alabaster, 893. 

Alaiite, 298. 

Alaskaite, 420. 

Alaun t. Alum. 

Alaunstcin. 396. 

Albertite, 416. 

Albite 823 ; 420. 

Alexandrite, 275. 

Algodonite, 235. 

Ahpite, 351 
Allanite, 308. 

Alleraont ite, 227. 

Allochroite, t. Andradite. 
Alloelasite, 248. 

Allophane, 341. 

Allophite, 356 
Almandin, Almandite, 303. 
Aisheditc, 488. 

Alstonite, t>. Bromlite. 
Altaite, 237. 

Alum, Native, 895. 

Alumina = Aluminum oxide. 
Aluminum carbonate, 410. 

chloride, 260. 
fluoride. 264, 265, 
fluo-silicate, 882. 


Aluminum hydrate, 279, 282. 

hydro - sulphate, 

895. 


mollate, 412. 
oxide (Alumina), 
267. 



489. 


875, 

878, 


silicate. 831, 382, 
841, 349 , 851. 
sulphate, 895,896. 
Aluminite, 895. 

Al unite, 5196. 

A1 Imogen, 395. 

Amalgam, 225. 

Amazonstone, 325. 

Amber, 415. 

Amblygonite, 869 ; 420. 
Amblystegite, 290. 

Ambnte, 415. 

Ambrosinc, 415. 

Amesito, 424. 

Amethyst, 286. 

Amianthus, 297, 350. 
Ammonia, t*. Ammonium. 
Ammonium chloride, 260. 

oxalate, 433. 
phosphate, 371. 
sulphate, 39 1, 
Araphibole, 296; 420. 
Analcite, Analcime, 343. 
Anatase, 277. 

Andalusite, 331. 

Andeeine, Andesite, 822. 
Andradite, 304. 

Andrewsite, 878. 

Anglcsite, 889. 

Anhydrite, 889. 

| Animikite, 420. 

Ankerite, 402. 

t nnabergite, 872. 

nncrfxHte, 420. 

Annite, 818. 

| Anomite, 481. 

Anorthite, 821. 

Antholite. v. Anthophyllite, 
Ant hophy llite, 295. 
Anthracite, 417* 


Anthraooxonite, 415* 
Antigorite, 851. 

AntiWte, 851. 

Antimonblende, 884* 
Antimonbl Utlie, 9. Valentin* 
ito. 

Antlmonglans, 282. 
Antimomte, 282. 
Antimonsilber, 284. 
Antimony, Arsenical, 227. 
Oray, 282. 

Native, 226. 

Hod ~s Kormeslte, 
284 

White- Vaku Un- 
ite, 284. 

Antimony blende, 284. 

bloom, 284. 
glance, 232. 
ochre, 487. 
oxide, 284, 437. 
sulphide, 232. 
Apatite, 864; 420. 

Aphancsito c. Clinoclasite. 
Aphrite, 400. 

Aphrizite, 380. 

Aphrodite, 849. 
Aphroaidorite, 356. 
Aphthalose,Aphibitalite,890* 
Apjohnitc, 895. 

Ajuornc, 304. 

A|*>phyllite, 840; 421. 
Aquacroptite, 351, 
Aquamarine, 299. 

Aras;xene, 426. 

Aragonite, 405; 421. 
Aragotite, 414. 

Arcanite, 890. 

Arctolite, 421. 

Ardcnnite, 810. 

Arequipite, 421, 
Arfvedsonito, 298 ; 421. 
Argentine, 4 j0. 

Argcntite, 285. 
Argcntopyrite, 487, 
Argyropyrite, 487. 

Ante, 248. 

Arkansite, 278. 

Arksutite, 265. 
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Arquerite, 225. 

Arragonite, 405. 

Arrhenite, 421. 
Arsenargentite, 421* 
Arseneisen, v. Leucopyrite. 
Arscneisensinter, v, Pitticite. 
Arsenic, Antimonial, 227. 
Native, 226. 

Red, 284. 

Yellow, 284. 

White, 284. 

Arsenic oxide, 284. 

sulphide, 281. 
Arsenical Antimony, 227. 
Arsen ikkies, 247. 
Arsenikkupfer, 284. 
Arsennickclglanz, 246. 
Arseniosidente, 878. 

Arsenite, v. Arsenolite. 
Arscnolite, 284. 

Arsenopyrite, 247. 

Asbestus, 207. 

Blue,®. Crocidolite. 
Asbolan, Asbolite, 283. 
Asmanite, 288 ; 421. 
Asparagus-stone, 865. 
Aspasiolite, 858. 

Asphaltum, 416. 

Aspidolite, 812. 

Astrakanite, ®. B15dite. 
Astrophyllite, 313; 421. 
Atacamite, 261. 

Atelcstite, 878. 

Ateline, Atelite, 202; 421. 
Atopitc, 421. 

Augite, 298. 

Aurichalcite, 410. 

Auriferous pyrite, 220. 
Auripigmentum, 282. 
Automolite, 272. 

Autunite, 879 ; 421. 
Aventurine quartz, 286. 

feldspar, 822, 828, 
826. 

Axinite, 810. 

Azorite, 359. 

Azurite, 411. 

Babingtonite, 295. 
Bagrationite, t. Allanite. 
Baikalite, v. Sahlite. 
Balvraidite, 421. 

Barcenite, 421. 

Bamhardtite, 245. 

Barite, 887. 

Barium carbonate, 406, 408. 
nitrate, 488. 

(and uranium) phoe* 
phate, 489. 
silicate, 822, 846, 430. 
sulphate, 887. 
Bartholomue, 895. 

Barylite, 421. 

Baryt, Barytes, 887. 


! Baryta = Barium oxide, 
i Barytocalcite, 408. 
Barytocelestite, 888. 

Basanite, 287. 

Bastite, 851. 

Bastn&site, 408, 488. 
Bathvillite, 415. 

Batrachite, 800. 

Beaumontite, 847. 

Beauxite, 281. 

Beccarite, 440. 

Bechilite, 882. 

Beegerite, 421, 

Beilstein, v. Nephrite. 

Bell metal ore = Stannite, 
245. 

Belonite, 110. 

Benzole, 414. 

Beraunite, v. Yivianite. 
Bergamaskite, 420. 

Bergholz, 297. 

Bergkrystall, v. Quartz. 
Bergmehl, 401. 

Bergmilch, 400. 

BergOl, 418. 

Bergpech, 416. 

Bergseife, v. Halloysite. 
Bergtheer, v. Pittasphalt. 
Beriauite, 486. 

Bernardinite, 485. 

Bernstein, 415. 

Beryl, 299 ; 421. 

Beryllium aluminatc, 274. 

silicate, 299, 300, 
801, 302, 883. 
Berthicrite, 251. 

Berzelianite, 237. 

Berzeliite, 421. 

Beyriehite, 241. 

Bhreckite, 422. 

Bieberite, 395. 

Biharite, 853. 

Bimsstein, v. Pumice. 
Bindheimite, 379. 

Binnite, 251; 250. 

Biotite, 812. 

Bischoftte, 428. 

Bismite, 284. 

Bismuth, Acicular (aikinite), 
254. 

Native, 227. 
Telluric, 288. 

Bismuth arsenate, 877, 879. 

blende(eul ytite),302. 
carbonate, 412, 422. 
chloride, 262. 
glance, 282. 
nickel (grOnauite), 
287. 

ochre, 284. 
oxide, 284. 
selenide, 283. 
silicate, 802. 
silver, 420. 


Bismuth sulphide, 282. 
teilurate, 897. 
telluride, 288. 
Bismuthinite, 282. 

Bismutite, 412. 
Bismutoferrite, 802. 
Bismutosphierite, 422. 
Bittersalz, 394. 

Bitter spar, Bitterspath, «. 

Dolomite. 

Bitumen, 416. 

Bituminous coal, 417. 
Bjelkite, 424. 

Black jack, 287. 

Blftttererz, Blftttertellur, 249. 
Biattcrzeolith, v. Heulandite. 
Blaueisenerz. v. Yivianite. 
Blaueisenstein, v. Crocidolite. 
Blauspath, 375. 

Blei, Gediegen, 226. 
Bleiglanz, 285. 

BleiglRtte, 267. 

Bleigumme, v. Plumbogum- 
mite. 

Blcilasur, 396. 

Bleihomerz, 408. 

Bleiniere, 879. 

Bleinierite, ®. Bindheimite. 
Bleispath, 407. 

Bleivitriol, 889. 

Blende, 287. 

Bltklite, 894. 

Blomstrandite, 422. 
Bloodstone, 286. 

Blue vitriol, 894. 

Bodenite, 308. 

Bog-butter, 415. 

Bog-iron ore, 281. 

manganese, 288. 

Bole, Bolus — Halloysite. 
Bolivite, 422. 

Boltonite, 300. 

Bombiecite, 415. 

Boracic acid, 380. 

Boracite, 881 ; 422. 

Borax, 881. 

Bordosite, 267. 

Bomite, 287. 

Borocalcite, 382. 

Boron trioxide, 880. 
Boronatrocalcite, 881. 

Bort, 229. 

Bosjemanite, 895. 
Bot&ll&ckite, ®. Atacamite. 
Botryogen, 395. 

Botryolite, 825. 

Boulangerite, 254. 

Bourn onite, 258. 
Boussingaultite, 892. 
Bowenite, 297, 850. 
Bowlingite, 422. 
Brackebuschite, 425. 

Bragite, 862. 

Branderz, «. Idrialite. 
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Brandisite, 858. 
Brauneisenstein, 380. 
Braunite, 377, 

Braunkohle, 418. 

Braunspath, 401. 

Bravaisitc, 433. 

Bredbergite, 804. 

Breislakite, v. Pyroxene. 
Breithauptite, 348. 

Breunerite, 402. 

Brewsterite, 847. 

Brittle silver ore, t?. Stephan- 
ite. 

Brochantite, 896. 
Bromargyritc, 260. 

Bromlite, 406. 

Bromsilber, 260. 

Bromyrite, 260. 

Brogniardito, 252. 
Brongnartinc, 897. 

Bronzite. 290. 

Brookite, 277 ; 422. 

Brown coal, 418. 

iron ore, 280. 
spar, 401, 402. 

Bnicite. 2*1 ; 422. 

Brushite, 871. 

Bueholzite, 881. 

Buck land ite, 808. 

Bunsenin, 480. 

Bunsenite, 267. 
Buntkupfererz, 237. 
Bustamito, 294. 

Bntyrellite, 415. 

Byerite, 417. 

Bytownite, 821. 

Cabrerite, 422. 

Oacholong, 289. 

Caooxenitc, Cacoxene, 878. 
Cadmium sulphide, 24 2. 
Cairngorm stone, 286. 

Calaite, r. Callaite. 

Calamine, 839, 422 ; 404. 
Cftlaverite, 249; 422. 
Calcareous spar, tufa, 898 ; 
400. 

Calcite, 898. 

Calcium arsenate, 870, 871. 

antimonate, 370, 421. 
borate, 882. 
boro-silicate, 834. 
carbonate, 398, 405. 
chloride, 260. 
fluoride, 263. 
nitrate, 879. 
oxalate, 412. 
phc»|fiata, 364, 371, 

silicate, 291, 838; 

821. 

sulphate, 889, 892; 
sulphide, 285. 


Caldum tantalate, 859, 481. 
titanate, 270. 
tungstate, 884. 
Calcozincite. 267. 

Calc-sinter, 400. 

Caledonite, 891. 
j Callais, Callaite, 877. 

| Calomel, 260. 

I Cttlvonigrite, 484 
Campyhte, 867. 

Canaan i te = White Pyroxene. 
Cancrinite, 817; 423. 

Oannel Coal, 417. 

Capillary pyrites, 241. 
Caporeiamte, 838. 

Carl)onado, 229. 

Carlxm diamantaire, 229. 
Carnal l ite, 201. 

Camel ian, 286. 

Carf)holite, 841. 

Carvinite, 422. 

Cassiterite, 275. 

Castor, Castorito, 295, 
Cataplciite, 889. 

Cataspilite, 1153. 

Cat’s eye, 2?fl. 

Cavolinite, 816. 

Celadonitc, 349. 

Celestialite, 485. 

Celestite, (’destine, 888. 
Centrallassite. 338. 
Cerargyrite, 260. 

Cerholite, 392. 

Cerine, 808. 

Cento, 340. 

Cerium carbonate, 408. 
fluoride, 489. 
phosphate, 864, 868. 
silicates, 308, 830. 
Cerolite, 851. 

Cerussite, 407. 

Cervantite, 284 
Ceylanite, ('ey Ion ite, 271. 
Chabazitc, 844; 422. 
Clialcnnthite, 394. 
Chalcedony, 286. 

Chalcocito, 239. 

Chalcodite, 350. 

Chalcolite, 878. 

Chalcomenitc, 422. 
Chalcomorphite, 851. 
Chalcophanite, 283. 
Chalcophyllite, 875. 
Chalcopyrite, 244 ; 422. 
Chalcosi derite, 378. 
Chalcosine, 239. 
Chalcoetibite, 250. 
Chalcotrichite, 266, 

Chalk. 400. 

Chalyhite, 408. 

Chatnamite, 246. 

Chert, 287. 

Chesterlite, 826. [412. 

Cheesy Copper, Cheesy 1 ite, 


Chiastolite, 881. 

Childrenite, 877; 422. 
Chiolite, 264. 

Ohladnite, 290. 

Chloanthite, 245. 

Chloral] uminite, 260 . 
Chlor-apatite, 865. 
Chlorastrotite, 840. 

Chlorite Group. 855. 
Chloritoid, 858. 

Chloritspath, 858. 

Chi or magnesite, 260 ; 428 . 
ChlorocftTcifco, 260. 

Chloropal, 350. 

Chlorophadte, 356. 
Chlorophane, 263. 
Chlorophvilite, 853. 

Oh loroth ionite, 260. 
Ohlorotile, 878. 

Ohodnofllte, 264. 
Chondrarsenlte, 872. 
Chomlrodite. 827 ; 428. 
Ohonierito, 355. 

ChrisnmUte, 418. 
Chromeisenstoin, 274. 

C’hrom glimmer, e. Fuoh- 
site. 

Chromic iron, 274. 

Chromite, 274; 428. 
Chroinpiootitc, 274. 

Chromium oxide, 274. 

sulphide, 242. 
Chrysnl>eryl, 274. 

Chrysoeolftt, 83H; 423. 
Chrysolite, 300; 428. 

Chry soprano, 286. 

Chrysotile, 850. 

Church ite, 371. 

Oinnalwir, 240. 

Cinnamon stone, 808. 

Clarite, 258. 

Olaudetitc, 284. 

CUausthalito, 286. 

Clay, 851, el sea. 
Clcavelamlite, 324. 

Cleveite, 423. 

Clingmanite, 358. 

Olinoclnso, Clinocloeito, 874. 
(linochlore, 856. 

Olinooroeite, 428. 

(Hi nobum ite, 328. 
(linophirite, 428. 
dintonite, 358 ; 428. 

(loan th ite, 245. 

Coal, Mineral. 417. 

Boghead, 48. 

Brown, 418. 

Cannel, 417, 

Cobalt, Arsenical. 245, 246. 

Black (asbolite), 288. 
Earthy, 288. 

Gray (smaltite), 245, 
Bed (erytbrite), 872. 
White (cobaltite), 246. 
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Cobalt bloom, 872. 
glance, 246. 
arsenate, 872. 
arsenide, 246 ; 248. 
carbonate, 486. 
oxide, 288. 
selenite, 482. 
sulphate, 894. 
sulphide, 245. 

Cobaltine, Cobaltite, 246. 

Cobaltomenite, 432. 

Coccolite, 298. 

Coke, 417. 

COlestinc, v. Cclestite. 

Cceruleolactite, 876. 

Collyrite, 841. 

Colophonite, 804. 

Coloradoite, 428. 

Col um bite, 860 ; 428. 

Comptonite, 842. 

Connellite, 891. 

Cookeite. 854. 

Copal, Fossil, 415. 

Copalino, Copal ite, 415. 

Copiapite, 895. 

Copper, Antimonial (chalco- 
stibite), 250. 

Arsenical, 234. 

Black (melaconite), 
207. 

Blue, 411. 

Emerald (dioptase), 
801. 

Gray, 255. 

Indigo, 249. 

Native, 225. 

Purple, 287. 

Rod, 266. 

Variegated, 287. 

Vitreous, 289. 

Copper arsenate, 878, 874, 875. 
arsenide, 284. 
arsenite (?), 439. 
carbonate, 411. 
chloride, 200. 
chromate, 886. 
glance, 829. 
mica, 875. 
nickel, 242. 
oxide, 266, 267, 
oxychloride, 261, 262. 
phosphate, 878, 874 
pyrites, 244. 
selenide, 287. 
selenite, 422. 
silicate, 801, 888. 
sulph-antimonite, 250, 
254, 255, 257, 428. 
sulph - arsenite, 251, 
256, 257, 258, 
sulphate, 890, 894, 

898, 897, 428. 
sulphide, 289, 249 
287,244 
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Copper s u 1 p h o - bismuthite, 
250, 251, 254 
tungstate, 884. 
vanadate, 874. 
vitriol, v . Chalcan- 
thite. 

Copper ore, Red, 266. 

Yellow, 244 
Copperas, 394. 

Coprolitcs, 866. 

Coquimbite, 895. 

Cordierite, 811. 

Cornwall ite, 874 
Coronguite, 424. 

Corundellite, 358. 
Corundophilitc, 858 ; 424. 
Corundum, 267; 424 
Corynite, 247. 

Cosalitc, 252; 424. 

Cossaitc, 354 
Cossyrite, 424. 

Cotunnite, 261. 

Covellinc, Covellite, 249. 
Craigtonite, 424. 

Crednerite, 278. 

Crichtonite, 270. 

Crocidolite, 298. 

Crocoitc, ( rocoisite, 385; 424 
Cronstodtite, 357. 

Crookesito, 235. 

Cryolite, 264 ; 424 
Cryophyllito, 815. 
Oryptohalite, 264 
Cryptolite, 364 
Crvptomoiphite, 882. 

Cuban, Cubanite, 245. 
Culsagceitc, 355. 
Cummingtonite, *297. 
Cuprocalcite, 411; 424. 
('uprite, 206. 

Cuproraagnesite, 895. 
Cuproseheelite, 884. 
Cuprotungstite, 884. 

Cuspid ine, 424. 

Cyanite, 882 ; 424. 
Cyanocbalcite, 839. 
Cyanotrichite, 897. 
Cymatolite, 849, 486. 
Cyprusite, 424. 

Damourite, 858. 

Danaite, 248. 

Panalite, 802 ; 424. 
Danburite, 311 ; 424. 
Patholite, Datolite, 884 
Paubr£elite, 242. 

Daubreite, 262. 

Davidsonite, 299. 

Pavreuxite, 425. 

Davyne, Pavina, 816. 

Dawson ite, 410; 425. 
Pechenite, 867. 

Pegeroite, 854 
Delessite, 856 ; 425. 


Delvauxite, r. Dufrenite. 
Demidoffite, 889. 

Derbyshire spar, «. Fluorite 
Descioizite, 867; 425. 
Pesmine, 846. 

Destinezite, 425. 
Dewalauite, 810. 

Deweyute, 851. 
Diabantachronnyn, 855. 
Piabantite, 855. 

Diaclasite, 291. 

Diadocbite, 879. 

Diallage, Green, 298. 
Piallogite, Pialogite, 408. 
Diamond, 228; 425. 

Pianite, v. Columbite. 
Piaphorite, 252. 

Diaspore, 279. 

Pichroite, 811. 

Pickinsonite, 425. 
Pietrichite, 425. 

Pihydrite, 874. 

Dimorphite, 232. 

Dinite, 414. 

Piopside, 293. 

Dioptase, 301. 

Dipyre, 816. 

Piscrasite, v. Pyscrasite, 
Pisterrite = Brandisite. 
Pi8thene, 382. 

Pitrfiyte, 317. 

Dog-Tooth Spar, 400. 
Dolerophanite, 390. 
Dolomite, 401. 

Pomeykite, 234. 
Poppelspath, 399. 

Doppler! te, 415; 425. 
Pouglasite, 425. 

Preelite, 390. 

Dry-bone, 404. 

Dudleyite, 858. 

Dufrenite, 378. 

Dufrenoysite, 251. 
Pmnortferite, 425. 
Puportliite, 425. 

Purangite, 370. 

Pdrfelutite, 425. 

Puxite, 415. 

Pysanalvte, 425. 

Pyscrasite, 284 
Dysluite, 272. 

DysodUe, 415. 

Pysyntribite, 358. 

Earthy Cobalt, 288. 

Edenite, 297. 

Edingtonite, 841. 
Edwardsite, t>. Monazite. 
ite, 425. 

Ite, 874 

Eisenblttthe, 405. 
Eisenbrudte, 422. 
EisengUnz, 268. 
Eisenglimmer, 269. 
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Eiscnkiea, 243. 

Eisenkiesel, t>. Quartz. 
Eisenrose, 269. 

Eiseusinter, v. Pitticite. 
Elsenspath, 403. 

Eisspath, 326. 

Ekdemite, 425. 

Ekebergito. 316. 

Ekmannite, 354. 

Elmolite, 316. 

Elaterite. 414. 

Electrum, 221. 

Eleonorite, 426. 

Elroquite, 426. 

Embolite, 200. 

Einbrithite, v. Boulangerito. 
Emerald. 299. 

Emerald nickel, 410. 

Emery, 268. 

Emplectite, 250. 

Enargite, 257. 

Kneel ad ite, v. Warwickitc. 
Enophite, 486. 

Enstatite, 290. 

Enysite, 897. 

Eosito, 385. 

Eosphorite, 423. 

Ephesitc, 354. 
Epil>oulangerite, 251. 

Epidote, 30* 

Epigenito, 258. 

Epistilbite, 347 ; 426. 

Epsom Salt, Epsomite, 391; 
426. 

Erbsenstein, 400. 

Erdkobult, 283. 

Enlul, 416. 

Ei*d|K*<*bi. 416. 

Eremite, r. Monaziti 
Erilite, 426, 

Erinite, 874. 

Erioehaleite, 426. 

Eruliesoitc, 287. 

Erythrite, 372. 
Erythnwiderite, 261. 
Erythrozim ite, 426. 
Estnarkite. 358. 


Eusynehite, 426. 

Euxeuite, 862. 

Fahlerz. 255. 

Fahl unite, 358. 

Fairfioldtte, 426. 

F&iuatinite, 258. 

Fasten | imrz, 298. 

Fassaite, 293. 

Fuujusite, 844. 

Fuusorite, ;>9I. 

Fayalite, 300. 

Feather on*. 251. 

Fedorerx. 251. 

Feitsui, 809. 

Felds|wir Group, 319; 426. 
Felsite, 323, 326. 

Feldspath. «. Feldspar. 
Fergusonite, 362; 427. 
Ferndlineiiite, 860. 
Fernitelluritc. 427. 
Frucrblende. 252. 

Feuerstein, 287. 

Fibroferrite. 895. 

Fihrolito, 311. 

Fielifelite, 411. 

Fillowite, 42 
Fiorite, 289. 

Firebbnde, 252. 

Flint . 287. 
i Float-stone, 2 W 9. 

| Flos ferri, 405. 

‘ FluclIiK 264. 

Fhiovrito, 204. 

Fiuor-niiatite, 365. 

Fluor, Fluorite, 263; 427. 

| Fluor Sj*ar, t 263. 

j KliiHsspath, 268. 

Foliated tellurium, v. Nogya- 

gite. 

Fontainebleau limestone, 400. 
Foresite, 1447 ; 427 
Forst«*rite, 5t00. 

Fowlerite, 294. 

Franco! ite, 865. 

, FrauklundiLe, 427. 
i Frank! in ite, 273. 


Essonitc. ’104. 

Ettringite, 895. 

Eucainte, 235. 

Euebroite, 373. 

Euclaae, 333 ; 426. 

Eueolite, 299. 

Eucraaite, 426. 

Eucryptite, 426. 

Eudialyte, Eudralite, 299. 
Eudnophite, 844. 

Eugenglanz, o Polybaaite. 
Eukairite. r. Eucainte. 
Euklas, 833. 

Eulytine, Eulytite, 302 ; 426. 
Eumanite, 278. * 

Euoaraite, 415. 

Euphyllite, 854. 


| Kmlrieite. 438. 

! Fre i l H*r gite. 255. 
j Frewwlebenite, 252. 
Krenzelib*. 233. 

; Freyalite, 427, 

' Friislelitc, 802. 

Frieaeite, 487. 

Frigidite, 488. 
i Fuchaite, 314* 

Gndolin, Garloliuite, 809 ; 427. 
j Gahnite, 272. 

Galena, Galenitc, 235. 

| Galenobismutite, 427. 

I Galmei, 339, 404. 

Ganomalite, 427. 

| Garnet, 802 ; 427. 


Gamierifce, 851 ; 427. 
i Gastaldite, 298. 

; Guanovulite, 392. 

S Gay-Luaaite. 409. 

Gearksntite, 265. 

Ucdanitc, 435. 

Geh Ionite, 831. 

Geiortto, u. Geyerlte. 
Uckrtteatcin, 889. 

Utdbbleierz, 884. 

Gent bite, 851, 

Geoeoritc, 414. 

Gooenmite, 257. 

GeoinyHoite, 414. 

GersdorlTlte, 246. 

Gey er ite, 24H. 

Gevseritc, 289. 

Gibbmte. 282. 

Giesoekito, 852 ; 817. 
Gigantolito, 853. 

Gilbert it a, 358. 

Gillingite, 854. 

Ginibitc, 428. 

Ginusol, 289. 

Gismondine.GiMmondite, 841 ; 
42H. 

Giufite, 432. 

Gianzkobalt, r. Cobalt ito. 
Glaserite, r. Aminltc 
G laser/, Ulan/erz, r. Argcn- 
tite. 

GJuuIht suit, 892. 

GbudK’rib', 391. 

Glaueodot, 248. 

Glauconite, 849. 

Gluucophuno, 298. 

Glimmer, t». Mica. 

Ulobulitcfi, 110. 

Gnielinite, 845. 

Gold, 221. 

Gold tel In ride, 248, 249, 430. 
(ioldtollur, «. Sylvanitc. 
Uoshenitc, 299. 

(bmlurite. 895. 

Gothic, 280. 

Grahumitc, 416. 

Grammatlte, 297. 

Graiiat, 802. 

Graphic tellurium, 248. 
Graphite. 280. 

Gniukupfcrerz.c, Tennant Ite. 
Gray antimony, 232. 

copper, 255. 
Grecnoekite, 242. 

Greenovite, 835. 

Grenat, v. Garnet. 
Grochauite, 357. 

G roftsularitc, 808. 

Orttnauite, 287. 

GrUnbleierz, 866. 
Ouadalcazarite. 241. 
Guanajuatite, 238; 428. 
Guanipite, 488. 

Guauo, 365. 
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Guarinite, 836. 

Guejarite, 4 28. 

Gtlmbelite, 858. 

Guramite, 428. 

Gunnison ite, 428. 
Guyaquillite, 415. 

Gymmte, 851. 

Gyps, v. Gypsum. 

Gypsum, 892. 

Gyrolite, 888 ; 428. 

Haarkics, 241 ; 247. 

Haarsalz, 895. 

Haddamite, 482. 

Hafneflordite, 828. 
Hagemannite, 265. 
Haldingerite, 871. 

Halite, 259. 

Hallito, 855. 

Halloysite, 852; 428. 
Halotrichite, 895. 

Hamartite, 408, 488. 
Hannayite, 428. 

Harmotomo, 846. 

Harrisito, 240. 

Hartite, 414. 

Hatchett ite, Hatchettine, 414. 
Hatehettolito, 428. 

Hauerite, 244. 

Haughtonite, 431. 
Hausmannite, 277. 

Hatlync, Hattynito, 818. 
Haydcnite, 844. 

Hayesine, 428. 

Haytorite, 1485. 

Heavy spar, 1487. 

Hebronite, 870 ; 420. 
Hedcnbergite, 298. 
Hedyphane, 367; 428. 
Heldburgito, 428. 

Heliotrope, 286. 

Helvin, Ilelvite, 802 ; 428. 
Hematite, 268. 

Brown, 280. 
Henwoodite, 878. 

Hercynite, 272. 

Herderite, 870. 

Hermannolite, 861. 
Herrengrundite, 428. 
Herschelite, 844. 

Hoesite. 288; 429. 

Hessonite, v, Essonite. 
Het©rolite, Hetairito, 429. 
Heteromorphlte, t>. Jameson* 

Heubachite, 429. 

Heulandite, 847; 429. 
Hexagonite, 298. 

Hibbertite, 429. 

Hiddenite, 486. 

Hielmite, 861. 

Hferatite, 429. 

Highgate resin, 415. 
Hfeingerite, 854. 
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HcBrnesite, 871. 

Hofmann ite, 485. 

Holzopal, e. Wood Opal. 
HolzZinn, 275. 

Homilite, 429. 

Honey-stone, Honigstein,412. 
Hopeite, 429. 

Horbachite, 241. 

Hornblende, 296. 

Horn silver, 260. 

Homstone, 287. 

Horse-flesh ore, ©. Bornite 
Hortonolite, 800. 

Houghite, 282. 

I Hovito, 410. 

Howlite, 882. 

Huantaiayite, 259. 

Htlbncnte, 888 ; 429. 

Hullite, 425. 

Ilumboldtine, 412. 
Humboldtilite, 806. 
Huml)oldtite, 884. 

Huminito, 4:J5. 

Hurnite, 827, 828, 428. 
Huntilite, 429. 

Hureaulito, 872. 

Iluronitc, 853. 

Hyacinth, 804, 805. 

Hyalite, 289. 

Hyalophane, 822. 
Hyalosiderite, 8(0. 
Hyalotekite, 429. 
Hydrargillite, 282. 
Hydrargvrite, 267. 

Hydraulic limestone, 400. 
Hydrobiotite. 486. 

Hydroeast orite, 438. 
Hydrocerussite, 429. 
Hydrocuprite, 266. 
Hydrocyanite, 890. 
Hydrodolomite, 410. 
Hydrofluorite, 264. 
Hydrofrartklinite, 429. 
Hydroilmenite. 481. 
Hydromagnesite, 409. 
Hydro-mica Group, 858. 
Hydrophilitc, 429. 
Hydrophite, 851. 
llydrorhodonite, 429. 
Hydrotalcite, 282. 
Hydrotitanite, 271. 
Hydrozincite, 410. 
Hygrophilite, 858. 
Hypargyrite, 250. 
Ilyperstnene, 290. 
Hypochlorite, 802. 

Ice spar, 825. 
loeland spar, 899. 

Idocrase, 205. 

Idrialine, Jdrialite, 814. 
Ihleite, 895. 

Ilesite, 429. 
llmenite, 269. 


i Hsemannite, 281 
I llvaite, 809. 

I Indianaite, 428. 

Indianite, 821. 

Indicolite, 880. 

Iodargyrite, 260. 
lodobromite, 429. 

Iodsilber, 260. 

Iodyrite, 260. 

Iolite, 811. 

Ionite, 485. 

Iridosmine, 224. 

Iron, Arsenical, 247. 
Magnetic, 241, 272. 
Meteoric, 226. 

Native, 226, 429. 

Oligist (hematite), 268. 
Iron aluminate, 272. 
arsenate, 875, 876. 
arsenide, 247, 248. 
borate, 880. 
boro-silicate, 429. 
carbonate, 403. 
chloride, 261. 
columbate, 860. 
oxalate, 412. 
oxide, 268, 272, 279, 
280 

phosphate. 369, 871, 872, 
378, 426, 487. 
silicate, 800, 854 
sulphate, 895. 
sulphide, 241, 243, 247. 
sulph-antimonite, 251. 
tantalate, 859. 
tellurate ( ?) 427. 

I tungstate, 888. 

Iron pyrites, 243. 

White, 247. 

Ironstone, Clay, 269, 281, 
403. 

I serine, Iserite, 270. 
Isoclasite, 378. 

Itacolumvte, 229. 

Ivigtite, &54. 
lxolytc, 414 

Jacobsite, 272. 

Jade, Common, 297. 

Jodeite, 409. 

Jamesonite, 251 ; 480. 

Jargon, 805. 

Jarosite, 430. 

Jasper, 287. 

Jaulingite, 415. 

Jefferisite, 855. 

Jeffersonite, 298. 

Jenkinsite, 851. 

Jet, 418. 

Johannite, 897. 

Jollyte, 854 
Jonlanite, 251. 

Joseite, 288. 

Julianite, 256. 
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N. B.— Many names spelt with an 
initial K iu German, begin with C 
in English. 

Kalait, 877. 

Kaligliramer, 818. 

Kalinite, 895. 

, Kalk-Harmotome, t>. Phillips- 
ite. 

Kalk-uranit, 879. 

Kalkspath, 898. 
Kalk-volborthit, 874. 

Kallait, 877. 

Kaluszifce, 894. 

Kfiramorcritc, 855. 

Katnmkies, 247. 

Kaolin, Kaolinite, 351. 

Karel inite, 284. 

Karyinite, 422. 

Katzenauge, 280. 

Keatingine, 295. j 

Keilhauite, 880. 

Kelyphite, 436. 

Kenngottite, 250. 

Kentrolite, 430. 

Kerargyrite, 200. 

Kcrmes. Kermesitc, 2H4. 
Kerolith, r. Carol ite. 

Kerritc, 855. 

Kicsel, r. Quartz. 

Kieselkupfer, 338. 
Kieselwismuth, 802. 
Kieselzinkerz, 389. 

Kieserite, 894. I 

Killinit*. 853, 430. 
Kischtiniitc, 408. 

Kierulftne, 368. 
Klapmtholite,251. , 

KJin<x*hlor, 350. 

Knebelitc, 800. j 

Kobaltbl'lthe, 372. j 

Kobaltglanz. 240. 

Kob&ltk ios. v. Linnirite 
Kobaltnickelkica, 245. 
Kobellite, 254. f 

Kochelite, 303. i 

Kochsalz, 259. ! 

KCflachite. 485. 

Kohle, r. CoaL j 

Kokkolit. t. Coccolite. i 

Kongsbergite, 225. 

KOnigine, 896. j 

KOnlite, 414. i 

Koppitc. 859. { 

Korarfveite, 308. 

Kftttigite, 372. 

Korund, v. Corundum. I 

Kotachubeite, 857. 

Koupbolite, 840. 

Krantzite, 415. 

Krattonite, 272. 

Kremenite, 261. 

Krennerite, 480. 

Krisuvigite, 897. 


KrOnkite, 897. 
i Krugite, 434 
1 Kupferantimonglanx, 250. 
Kupferbleispath, 896. 
Kupferglanz, 289. 
Kupfergiiramer, 375. 
Kupfenndig, 249. 
Kupferkies, 244. 

Kupferlasur, 411. 
Kupferniekol, 242, 
Kupferaam inter*, 897. 
Kupfersohaum, 874. 
Kupforsehwiirze, 267. 
Kupfferito, 290. 
Kupfer-umnit, 878. 
Kupfer-vitriol, 394. 
Kupferwismuthglanz, 250. 
Kyanite, 332. 

Labradnrite, 821. 

Ijnbrador feldsjiar, 321. 
Lagouite, 382. 

Lani|>u0itc, 283. 

Uinarkite, 391. 

Lnngite, 397. 

Lautliauite, 410. 
liiipin-lazuli, 418. 

Larderclhte, 882. 

Laxurstoin, 41H. 

Latrobite, r. Anorthite. 
liauinoriite, Laumontito, 838. 
Luurite, 247. 

Ijuutitc, 480. 

I.4iwren(‘itc, 430. 

I>axmannitc, 880. 

Lazulitc, 375. 

Lead, Argentiferous, 233. 
Iilack (graphite), 230. 

< ’omeouM (pbosgonitc), 
408. 

Native, 226. 

Lead anti rnouatc, 870. 879. 
arsenate, 800. 
arsenkwnolytxiate, 385. 
cnrl>orwte, 407, 
o bio ride, 201. 

chlonwarbonate, 408. 
chromate, 3*5, 380. 
molybdate, 884. 
oxichloride. 262. 
oxide. 267, 277. 
phosphate, 360. 
selemde. 286. 
selenite, 482. 
silicate, 427, 429, 430, 
481. 

sulphate. 889, 890,891. 
sulphato-carbonate, 891. 
sulphide, 285. 
sulpharsenite, 250, 251. 
sulphantimonite, 250, 
251, 252, 254. 
sulpbo-bismuthite, 252, 
«£1,427. 


Load tel lurid 9, 287, 249. 
tungstate, 884. 
vanadate, 887 ; 874, 428. 
Leadhillite, 890 ; 480. 
Leborkies, e. Maroasite. 
Lecontite, 892. 

LcdetvriU. 845. 

I^derito, 886. 

Ijehrbachite, 287. 

LeJdyite, 480. 

Ijennilite, 486. 

IjeoiKddito, 860. 
liOpldolite, 814. 
I^epidomelano, 818. 
Lepidoptueite, 440. 

Loroibte, 436, 
liCHloyito, 854. 

Lettsoinito, 897. 

Ixmcatigite, 298. 
Ijcuehtenbergite, 857. 
Ijcucito. 818; 480. 
Leueoclmleitc, 430. 
Leucunianganito, 426. 
IrfM)cn}N*trite, 315. 
Leufophnuitc, 3(H); 430. 
Leucopyrite, 248. 
lament tie, 430. 

Lcvigliunilc, 241. 

Lcvyne, Levynite, 843. 
Lherzol vte, 271. 
i Liliet hemic, 878 ; 430. 

| Licbigito, 412, 

Lievrite, 809. 

Lignite, 418. 

Ligiirito, 880. 

Limbnchitc, 851. 
j Lime Calcium oxide, r. 
j Calcium. 

Limestone, 400, 401 
; Limonite, 280. 

Liimrite, 896. 
hinuaute, 248. 

Linsenerz, 374. 

Lintonite, 488. 

Lionite, 487. 

! Liroconitc, 874. 

‘ Liskeurdite, 480. 

Li th ion glimmer, 814. 
Lithiophilite, 488. 
Lithographic Stone, 400. 
Lithomarge, 852. 
Livmgstomte, 282 ; 480. 
IiOganite, 856. 

LOllingite, 248. 

Ijouisite, 430. 

Ijftweito, 894. 

LOwigite, 896. 
lioxoclase, 828. 

Luckite, 481. 

Ludlaraitc, 872. 
liudwigite. 880. 

Lftneburgite, 882. 

Luzonite, 258. 

Lydian stone, 287. 



582 


GENERAL INDEX. 


Macfarlanite, 480. 

Macle, 881. 

Maconite, 855. 

Magnesia = Magnesium ox- 
ide, v. Magnesium. 
Magnesiofcrrite, 278. 
Magnesite, 402. 

Magnesium aluminate, 271. 

arsenate, 871. 
borate, 880, 881. 
carbonate, 402, 
409. 

chloride, 200,201, 
428. 

fluoride, 204, 
fluo - phosphate, 
808. 

fluo-silicatc, 827. 
hydrate, 281. 
nitrate, 879. 
oxide, 267. 
phosphate, 808, 

silicate, 290, 800, 
848, 849, 850. 
sulphate, 894. 
Magnetoiscnstein, 272. 
Mugnetic iron ore, 272. 
Magnet ic pyrites, 241. 
Magnetite, 272. 

Magnctkies, 241. 
Magnoferrito, 273. 

Magnolite, 480. 

Malachite, Blue, 411. 

Green, 411. 
Malacolito, 298. 

Muldonite, 221. 

Malinowskite, 256. 

Mallardite, 481. 
Manganapatito, 420. 
Manganblende, v. Alabandito. 
Manganbrucite, 422. 
Manganepidot, 808. 
Manganese borate, 880. 

carbonate, 403. 
columbato, 428. 
oxide, 277, 278, 
280, 282, 288, 
431. 

phosphate, 869, 
485, 489. 

silicate, 294, 800, 
301. 

sulphide, 237, 244. 
sulphate, 481, 437. 
tantalate, 359, 
487 


Manganspath, 408. 
Mangantantalite, 487. 

Marble, 400. 

Verd -antique, 850. 
Marcasite, 247. 

Margarite, 857. 

Margarites, 110. 

Margarodite, 858; 314. 
Margarophyllites, 848, et seq. 
Marialite, 816. 

Marion ite, 410. 

Marmairolite, 481. 

Marmatite, 288. 

Marmot ite, 850. 

Marti te, 269. 

Mascagni no, Mascagnite, 892. 
Maskelynite, 822, 

Masonite, 858. 

Massicot, 267. 

Matlookite, 202. 

Matricitc, 431. 

Maxite, 391. 

Medjidite. 897. 

Mecrselinuin, 849. 

Megnbasite, :;83. 

Melon ite, 815. 

Mclaconitc, 267. 

Mclanglanz, t*. Stephanite. 
Melamte, 804. 

Melainx'hroite, 380. 
Mclanophlogite, 289. 
Melanosiderite, 281. 
Melanotekite, 431. 
Melanothallite, 431. 
Melanterite, 895; 481. 
Melilite, Mellilite, 306. 
Melinopliane, 800. 
Meliplmnite, 800 ; 431. 
Mcllite, 412. 

Melonite, 249. 

Mcnacennito, 269, 481. 
Mondipite. 262. 

I Mendozlte, 395. 

I Meneghinite, 256. 

! Mengite, 302. 
j Mennige, 277. 

! Meroxene, 431. 

Mercury, Native, 224. 
Mercury chloride, 260. 
iodide, 260. 
selenide, 287. 
sulphide, 240, 241. 
telfuride, 428. 
tellurate, 480. 
sulph -antimonite, 
283. 

Mesitine, Mesitite, 408. 


tungstate, S83. Mesolite, 848. 


Manganglanx, 287. 
Mangamte, 280. 
Manganooalcite, 406. 
M&nganophyilite, 312. 
Manganosiderite, 485. 
M&ngauoaite, 481. 


Mesotvpe, 842. 

} Metabrushite, 871. 
Metaeinnabarite, 241. 
1 Metaxite, 851. 
Mcymacite, 284. 
Miargyrite, 249. 


Mica Group, 801 ; 481. 
Micliaelsonite, 80S. 
Microcline, 826. 

Microlitc, 859; 431. 
Micro|>hyllites.Microplakites, 

Mierosommite, 817. 

Middle tonite, 415. 

Mikroklin, r. Microcline. 
Milarite, 482. 

Millerite, 241. 

Mimetene, Mimetite, 866; 482. 
Mimetese, Mimetesite, 866. 
Mineral coal, 417. 
oil, 413. 
pitch, 416. 
tar, 413. 

Minium, 277. 

Mirubilite, 392. 

Mispickel, 247. 

Misy, 895. 

Mixite, 432. 

Mizzonitc, 810. 
Molybd&nglanz, 238. 
Molybdttnocker, 284. 
Molybdenite, 283; 482. 
Molybdenum oxide, 284. 

sulphide, 288. 
Molvbditc, 284. 

I Molyhdomenite, 482. 
i Molysitc, 261. 

1 Monazite, 368; 482. 
Mondstcin, r. Moonstone. 
Monet ite, 482. 

Monimolite, 870. 

Monite, 4-2. 

Monrolite, 832. 

Montanite, 897. 

Montebrasite, 870; 420. 
Monticellite, 800. 

1 Mont mart ite, »\ Gypsum. 

I Montmorillonite, 849. 
Moonstone, 828, 824, 325. 
Mordeiiite, 432. 

Morenosite. 395. 

Moroxite, 865. 

Mosandrite, 809. 

Mottramitc, 874. 

Mountain cork, 297. 

leather, 297, 
Muekito, 485. 

Muromontite, 308. 

Muscovite, 818. 

MUsenite, v. Siegenite. 

Nadeleisenstein, 280. 
Nadelerz, 254. 

Nadelzcolith, 842. 

Nadorite. 870. 

, Nagyagite, 249 ; 482. 

1 Naniaqualite, 282. 

: Nantokite, 260. 

Naphtha. 418. 

Naphthaline, 414. 
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Natrolite, 843; 433. 

Natron, 409. 

Natron borocalcite, 881. 
Naum&nnito, 285. 

Needle ore, t\ Aikinite. 
Nemalite, 383. 
Neochrysolite. 423. 
Neocyanite, 482. 

Neotocite, 854. 

Nepheline, Nephelite, 816. 
Nephrite, 297. 482. 
Neudorfite, 485. 

Newberyite, 482. 
Newjanskite, 224. 

Newport! te, 858. 

Niccolite, 242. 

Nickel antimonide, 248, 247. 
arsenate, 872. 
arsenide. 242; 246. 
carbonate. 410. 
oxide, 267. 
silicate, 351, 427. 
sulphate, 805. 
sulphide, 2*11. 
telluridc, 249. 

Nickel glance, r. Gersdorfllto 
Nickelarsenikgianz, 246. 
Nickclarsenikkics, 246. 
Nickelbl tithe, 872. 
Nickcl-Gynmite, 851. 
Niekelkies, 241. 
Niekelsmaragd, 410. 

Niobite, 860. 

Nitre. 879. 

Nitmbarite, 483. 

Nitrocalcite, 879. 
Nitroglaulierite, 879. 
Nitromagnesite, 879. 
Noeerine, Noceritc, 438. 
Nohlite, 362. 

Nontronite, 850. 

Nosean, Nosite, 818. 
Noumeaitc, Noumeite, 851. 
Nuttalite, v. Wemerite. 

Ochre, red, 269. 

Octahedrite, 277; 488. 
(Ellacherite, 854. 

Okenite, 888. 

Oldhamite, 285. 

Oligoclase, 828. 

Olivenite, 878. 

Olivine, 800. 

Onofrite, 488. 

Ontariolite, 435. 

Onyx, 287. 

05fite, 400. 

Opal, 288. 

Ophiolite, 350, 402. 

Orangite, 840. 

Orpiment, 381 ; 488. 

Orthite, 808; 438. 

Ortboclaae, 825; 488. 

Oryxite, 429. 


I Osmiridium, 224. 

Osteolite, 365, 

I Ottrelite, 858 ; 488. 

! Ouvarovite, 304. 

: Owen i te, 358. 

Oxammite, 433. 

Ozarkite, 342. 

Ozocerite, Ozokerit, 414; 433. 

Pachnolite, 265 ; 438. 
Pagodite, 349, 352. 
Paisbergite, 294. 

’alagonite, 858. 

’alladium, Native, 224. 
’andermite, 484. 

‘araehlorite, 436. 

’araflln, 413. 

‘aragonite, 351. 

\imnkerite, 402. 

’aranthite, 816. 

’a nisi to, r. Boraeite. 

‘nrast ilbite, 426. 

'arathoritc, 340. 

.’argusito, 297. 

'arisite, 40H. 

’uropliitc, 353. 

'attersomto, 858. 

Vulite, 289. 

Varl-iniea, r. Margaritc. 
Varl-siiar, 401. 

chkohle, *117. 

Vchopal. 289. 

Vckhumite, 433. 

Vet ol ite, 387; 433. 

Vganite, 378. 

Vgmutoiitc, r. Orthoclase 
mgite, 433. 

V 11m mite, 855. 

Vncatite, 410. 

Vnnine, Penninite, 353. 
i‘nwithite, 433. 

[Vreylito, 262. 

Vrielaso, Periclasite, 267. 
•ridot, 300, 880. 

Vrikline, Periklin, 324. 
Vristeritc, 324. 

’erlgli miner, 857. 

(trtnite, 326. 

'erofskitc, 270; 433. 
Perowskit, 270. 

Petal ite, 295 ; 438. 

Petroleum, 413. 

Petzite, 239. 

Phacolitc, 344. 

Phamctinite, 420. 
Pharmaoolifce, 870. 
Pharmacosiderite, 376; 488. 
Phenaoite, Phenaicit; 801 ; 
483. 

Phongite, 431. 

Philadelphia, 439. 

Phil li pile, 897. 

PhiUipnite, 845 ; 488. 
Phlogopite, 812. 


Phoenioochroitc, 886. 
Pholerite, 852. 

Phosgenite, 408. 
Phosphoeerite, 864. 
Phosphochalcite, 874. 
Phosphoehrontito, 886. 
i Phosphorite, 865. 

I Phosphuranylite, 484. 
Phyllite, 358. 

Physalite, 838. 

Phytocollite, 425. 

Piauzitc, 410. 

Pieite, 481. 

Pickeringito, 895; 434, 
Picotite, 271. 

Picranaleite, 420. 
Pieroallumogeno, 484. 
Picrolite, 351. 

Picroinerite, 894. 

Pie roplia r macoJ ite, 871 . 

Piet ite, smo. 

Piedmont ite, 808. 

Pihlite, 849. 

Pilarite, 423. 

Pilinite, 344. 

Pilolite, 484. 

Pimelitc, 851. 

Pittite, 352. 

Pisan ite, 395. 

Pisolite, 400. 

Pisturite, PisUzit, 807. 
Pistomesite, 408. 

Pitc hblende, 274. 

Pittas! limit, 418. 

Pit tic-lie, Pit tizit, 379. 
Plagioeitrite, 434. 

| Plttgioolase, 819. 

Plagionite. 251. 

Plasma, 286. 

Plaster of Paris, 398, 
Platinum, Native, 228 ; 434. 
Plat iniridium, 224. 
Pleormste. v, Spinel. 

PI urn l»ago, 280. 
Plumhailophanc, 841. 
Plumbogummite, 877. 
Plumliomanganite, 434. 
Plumlxmlunnite. 484. 
PlumUmtib, v. Boulangerite. 
Polianite, 278. 

PolJuHtc, Pollux, 299. 
Polyargite, 853. 

Polyargyrite, 257. 

PolybftHite, 257. 

Polycrose, 862. 

Polycbroilite, 858. 

Pol ydy mite, 484. 

Polylialite, 898 ; 484. 

Poly m ignite, 862. 

Poonahlite, 848. 
Porcellophite, 851. 
Posepnyte, 485. 

Potassium chloride, 260, 

chromate (?), 487, 
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Potassium nitrate, 879. 

silicate, 818, 825. 
sulphate, 890. 

Potash = Potassium oxide, 
r. Potassium. 


Prase, 286. 

Prasine, 874. 

Praseolite, 858. 

Predazzite, 410. 

Pregattite, 854. 

Prehnite, 840. 

Priceite, 882; 484. 
Prochlorite, 857. 
Proidonite, 264. 

Proeopite, 265. 
Protobastite, 290. 
Protochlorite, 436. 
Protovermiculite, 489. 
Proustitc, 258. 

Prussian blue, Native, 872. 
Przibramite, 238, 280. 
Pseudobrook ite, 434. 
Pseudoootunnite, 261. 
Pseudornalnchite, 374. 
Pseudonatrolitc, 484. 
Pseudophiie, 850. 
Psilomelane, 282; 484. 
Psittaciuite, 874. 

Pucheritc, 867. 

Purple copper, 287. 
Pycnite, v. Topaz. 
Pyrallolitc, 848. 
Pyrargillite, 858. 
l^rragyrite, 252. 

Pyrenoite, 804. 

Pyrgom, 298 ; 484. 

Pyrite, 248. 

Pyrites, Arsenical, 247. 

Auriferous, 220. 
Capillar}', 241. 
Cockscomb, 247. 
Copper, 244. 

Iron, 248. 
Magnetic, 241. 
Raaiated, 247. 


Spear, 247. 
White iron, 247. 
Pyrochlore, 859. 
Pyrochroito, 282. 
Pyroconite, 265. 
Pyroluaite, 278; 484. 
Pyromorphite, 860. 
Pyrope, 808. 
Pyrophosphorite, 484. 
Pyrophylfite, 849. . 
Pyropiasite, 414. 
Pyroretinite, 415. 
Pyroeclerite, 855. 
Pyrosmalite, 840. 
Pyrostilpnite, 258. 
Pyroxene, 292. 

Pynhite, 859. 
Pyrrhoeiderite, 280. 
Pyxrhotite, 841; 484. 


Quartz, 284: 434. 
Quecksilberbranderz, 414. 

Quicksilver, 224. 


Rfidelerz, 258. 

Radiated Pyrites, 247. 
Raimondite, 895. 
Ralstonite, 205, 485. 
Randite, 485. 

Ratofkite, 263. 

Rauite, 842. 

Raumite, 353, 

Realgar, 281. 

Red copper ore, 266. 
hematite, 209. 
iron ore, 269. 
ochre, 269. 
silver ore, 252, 258. 
zinc ore, 260. 
Reddingite, 485. 
Refdanskite, 351. 
Reiehardtite, 420. 

Reinite, 4 5. 

Reissite, 420. 

Remingtonite, 410. 
RensseTaerite, 348. 

Resan ite, 389. 

Resin, Mineral, 415, 485. 
Restormelite, 858. 
lietinalito, 851. 

Retinite, 415. 

Reussinite, 415. 
Rhabdophanc, 485. 
Rhretizite, 832. 

Rhagite, 877. 

Rhodizite, 485. 
Rhodochrosite, 408 ; 435. 
Rhodonite, 294. 
Rhomb-spar, 401. 
Rhyacolite, 820. 

Rionite, 256. 

Ripidolite, 356. 
Riitingeritc, 252. 

Rivotite, 870. 

Rock cork, v. Hornblende, 
crystal, 286. 
meal, 401. 
milk, 400. 
salt, 259. 

Roemerite, 895. 

Rcepperite, 800. 
Rasslente, 871. 
Rogenstein, 400. 

Rogersite, 435. 

Romeine, Romeite, 870. 
Roecoelite, 807 ; 435 
Rose quarts, 286. 

Roselite, 872; 485. 
Rosterite, 420. 
Rosthomite, 415* 

Eosite. 858. 

Rothbleien, 885. 
Rotheiaeners, 268. 


Rothgdltigerz, 252, 208. 
Rothkupfererz, 266. 
Rothnickelkies, 242. 
Rothoffite, 808. 

Rothzinkerz, 266. 

Rubellite, 880. 

Rubislite, 485. 

Ruby, Spinel, Almandine ,271 
Oriental, 268. 

Ruby-blende, v. Pyrargyrite. 
Ruby silver. 252, 258. 
Rutherfordite, 862. 

Rutile. 276; 485. 

Ryacolite, v, Rhyacolite. 

Sahlite, 293. 

Sal ammoniac, 260. 

Salmiak. 200. 

Salt, Common, 259. 
Samarskite, 861 ; 435. 
Sammetblende, 280. 

Sanidin, 325. 

Saponite, 352. 

Sapphire. 2«8; 880. 
Sarawakite, 485. 

Sareolite 316. 

Sareopside, 869. 

Sard, 287. 

Sardonyx, 287. 

Sartorite, 250. 

Sassolite, Sassolin, 880. 

Sat in -spar, 893, 400, 405. 
j Saussurite, 309. 

• Savite, r. Natrolite. 
j Scapolite Group, 815; 485. 

1 Sehaumspath, 400. 

Scheelite, 884. 

Seheereite, 418. 
Schieferspath, 400. 
Sehilfglaserz, 252. 
Schiller-spar, 851. 
Sehirmerite, 251. 

Schmirgel, 208. 
Schnecbergite, 48V 
Schorlomite, 887; 485. 
Schraufite. 415. 

Schreibersite, 242. 

Sehrifterx, Schrift-tellur, 24& 
SchrOckingerite, 412. 
Schucharatite, 486. 
Sehuppenstein, 415. 
Schwartzembergite, 262. 

Seh warzkupfererx, 267. 
Schwatzite, 255. 

Schwef elides, 248. 
Sehwerspath, 887. 
Scleretinite, 415. 

Scleroclase, 250. 

Soolecite, Scolezite, 848. 
Soorodite, 375. 

Seebaehite, 844. 

Selenblei, 286. 

Selenite, 898. 
Selenquecksilber, 281 
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SeU&ite, 264. 

S6ra61ine, 866. 

Semseyite 486. 

Senarmontite, 284; 436. 
Sepiolite, 849; 486. 
Serpentine, 850; 486. 
Serpierite, 486. 

.Seyoertite, 858. 

Shepardite, 242. 

Siderazot, 486. 

Siderite, 408. 

Sideronatrite, 486. 
Siderophyllite, 481. 
Siegburgite, 415. 

Siegenite, 245. 

Silaonite, 233; 428. 
Silberamalg&m, 225. 
Silberglanz, 235. 
Silbernomorz, 260. 
Silberkupferglanz, 240. 
Silberwismuthglanz, 420. 
Silex. v. Quartz. 

Silieifled wood, 286. 

Siliceous sinter, 287, 289. 
Silieiophite, 436. 
Silicoborocalcite, 882. 
Sillimanite, 831. 

Silver, 223. 

Antimonial, 234. 
Bismuth, 420. 

Horn, 260. 

Native, 223. 

Ruby, 252, 253. 
Vitreous, 235. 

Silver antimonidc, 234. 
chloride, 260. 
bromide, 260. 
iodide, 260. 
selenitic, 235. 
sulph-antimonite, 250, 
252, 256. 2.57. 
sulph-arsenite, 253. 
sulphide, 235, 239. 
gulpho~bismuthite,420. 
telluride. 288; 248, 437 
Silver glance, 235. 

Simonyite, 394. 

Sinter, Siliceous, 287, 289. 
Sipylite, 436. 

Sismondine, 858. 

Sisserskite, 224. 

Skapolith, r.Scapolite. 
Skleroklas, v. Sartorite. 
Skolezit, v. Scolecite. 
Skutterudite, 246. 

Smaltine, Smaltite, 245; 436. 
Smaragdite, 297. 

Smectite. 849. 

Smithsonite, 404. 

Soapstone, 848. 

Soda = Sodium oxide, v. So- 
dium. 

Soda nitre, 881. 

Sodaiite, 317. 


Sodium borate, 881. 

carbonate, 408, 409. 
chloride, 259. 
fluoride, 264. 
nitrate, 379. 
silicate, *328, 342. 
sulphate, 390, 891, 
392. 

Sommite, 810. 

Sonnenstein, v. Sunstone. 
Sonomnite, 434. 

Spargelstein, 865. 

Sjmtnic iron, 403. 
S;>athiopyrite, 246. 

Sjvar pyrites, 247. 
Spcckstein, 348, 352. 

Specular iron, 268. 

SjH'erkios, 247. 

S|)68sartite, 304. 

SjViskobalt, 245. 
Sphjprocobaltite, 430. 
Sphierosiderite, 403. 
SplueroKtilbite, 346. 
Sphalerite, 237; 436. 

Sphene, 335. 

Spiauterite, 242. 

Spinel, 271. 

SpinthM*, 335. 

SfMxl ionite, 436. 

Sjxxlumene. 295; 436. 
Spriklglascrz, 256. 
Sprudelstoin, 405. 

Staffelite, t\ Phosphorite. 
Stalactite, 400. 

Stalagmite, 400. 

Stanekite, 415. 

Stannic*. 245. 

Staurolite, Staurotido, B30 ; 
437. 

Steatite, 348. 

Steeleite, 432. 

Steinkotile, 417. 

Steinmark, 852. 

Steinfli. 413. 

Steinsalz, 259. 

Stcphanite, 256. 

Sterlingite, 854. 

Stembergite, 240; 487. 
Stibianite, 437. 

Stibieonite, 487. 

Stibioferrite, 870. 

Stibnite, 282; 487. 

Stilbite. 346, 437 ; 847. 
Stilpnomclane, 849. 

Stolzitc, 384. 

Strahlerz, 374. 

Strah Ikies, 247. 

Strahlstein. 297. 
Strahlzeolith, v. Stilbite. 
Strengite, 487. 

Strigovite, 857. 

Stromeyerite, 240. 
Strontianite, 406; 487. 
Strontium carbonate, 406. 
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Strontium sulphate, 888. 
Struvite, 871. 

Stflzite, 487. 

Stvlotvp, Stylotvpite, 254. 
Subdelessite, 425. 
Sucoinellite, 415. 

Succinite, 415. 

Sulphur, Native, 228. 
Sunstono, 323, 825. 
Susannite, 391. 

Sussexito, 380. 

Sylvani to. 248. 

Svlvine, Sylvite, 260. 
Syngcnito, 894. 

Szabolte, 437. 

Szaibelyite, 380. 

Szinikite, 437. 

TalH'rgite, 356. 

Tabular siwir, 291. 
Taehhvdrue, 261. 

Tafolsjmth, 291. 

Tagilite, 873. 

Tale, 348. 

TulktripUte, 437. 

Tallingite, 262. 

Tantnlite, 359 ; 437. 
Ta|mlj»ite, 289. 

Tapiofito, 861. 

Tarapaonito, 437. 

TaHnmnite, 415. 

Taznite, 437. 

Tellur, t Jodiegen, 227. 
Tellurite, 437. 

Tellurium, ftismuthio, 288. 
Foliated, 249. 
Graphic, 248. 
Native, 227; 487. 
Tellurium oxide, 487. 
Tellursilber, 238. 

Tel lurwisrn uth, 238. 
Tengorite, 410. 

Temmntite, 256 ; 438. 
Tenorife, 267; 488. 
Tephroite. 300. 

Tequenquite, 488. 
Tequixouttl, 488. 
Tesseralkie*, 246. 

Tetrad y mite, 288. 
Tetr»h<*irito, 255; 488. 

Thau monte, 4J18. 
Thenardite, 890 ; 438. 
Thinolitc, 438, 
Thomsenolite, 265; 488. 
Thomson! te, 342; 488. 
Thorite, 840; 438. 

Thulite. 809. 

Thuringite, 958. 

Tieraannite, 287. 

Tile ore, 266. 

Tin, Native, 226. 

Tin ore. Tin stone, 275. 
oxide, 275. 
pyrites, v . Stannite. 
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Tin sulphide, 245. 

Tinkal, 881. 

Titaneisen, 260. 

Titanic iron. 269. 

Titanite, 885 ; 438. 

Titanium oxide, 270; 276, 277. 
Titanolivine, 428. 
Titanomorphite, 488. 

Tiza, v. Ulexite. 

Tobermorite, 428. 

Toeornalite, 260. 

Topaz, 332; 488. 

False. 286. 

Topazolitc, 804. 

Torbanite, 415, 418; 488. 
Torbernite, Torberite, 878. 
Totaigite, 486. 

Tourmaline, 320, 438. 
Travertine, 400. 

Tremolite, 207. 

Trieliite, 110. 

Triclasito, 353. 

Tridymite, 288 ; 489. 
Tripnylite, Triphyline, 369; 
439. 

Triplite, 869. 

Triploidito, 489. 

Tripoli te, 280. 

Trippkeito, 489. 

Tritochoritc, 426. 

Tritomite, 840. 

TrOgcrite, 879. 

Troilito, 242. 

Trona, 408. 

Troostite, 801. 

Tscheffkinite, 336. 
Tschermakite, 828. 
Tschermigite, 895. 

Tufa, Calcareous, 400. 
Tungsten oxide, 284. 
Tungstito. 284. 

Turgite, 279. 

Turmalin, 829. 

Turnerite, 868, 482. 

Turquois, 877. 

Tvrite, 862. 

Tyrolite, 874. 

Tysonite, 489. 

Ulexite, 881. 

Ullw&nnite, 247. 
Ultramarine, 818. 

Unionite, 809, 

Uraconise, Uraconite, 897. 
Uranglimmer, 878, 879; 489. 
Urania, Uraninite, 272. 
Uranite, 878, 879, 

Uranium arsenate. 879. 

carbonate, 412, 489. 
oxide, 274. 
phosphate, 878, 879, 

silicate, 841. 
sulphate, 897. 


Urankalk, 412. 
Uranmica, 878, 879. 
Uranochaleite, 897. 
Uranocircite, 439. 
Uranophane, 841. 
Uranospinite, 379. 
Uranotantalite, 861. 
Uranothallite, 439. 
Uranothorite, 438. 
Uranot ile, 841 ; 489. 
Uranpecherz, 274. 
Urao, 409. 
Urpothite, 413. 

Ur unite, 486. 
UrvOlgyite, 428. 
Uwarowit, 304. 


Voalitc, 355. 

Valentinite, 284. 
Vanadinite, 367; 489. 
Variscite, 439. 

Vauqucline, Vauquelinite, 

886 . 

Venasquite, 483. 

Vencrite, 489. 
Verd-antique, 850. 
Vcrmiculite, 855 ; 489. 
Vesbine, 439. 

Vesuvianite, 305, 440. 
Veszclyito, 373, 440. 
Vidorite, 290. 
Vietinghofite, 435. 
Villursite, 840. 

Vitreous copper, 239. 

silver, 235. 
Vitriol. Blue, 394. 
Vivianite, 871. 

Voglianito, 397. 

Voqlite, 412. 

VOlknorite, 282. 
Volborthite, 874. 

Voltaite, 395. 
Vorhausoritc, 351. 
Vreckite, 422. 

Vulpinite, 889. 


Wad, 288, 440. 
Wagnerite, 868 ; 440. 
Walchovrite, 415. 
Walkerite, 488. 
Walpurgite, 879, 440, 
Waluewite, 440. 
Wapplerite, 871. 
Warringtonite, 896. 
Warwickite, 882. 
Wattevillite, 440. 
Wavellite, 876. 
Websterite, v. Aluminite. 
Wehrlite, 233. 
Weissbleierz, 407. 
Weissite, 853. 

W eisspi essglaserx, 284. 
Wernerite, 816. 


Werthemanite, 396. 
Westanite, 382. 

Wheelerite, 415. 
Wheel-ore, 258. 
Whewellite, 412. 
Whitneyite, 235. 

Wichtine, Wiehtisite, 299. 
Willcoxite, 358. 

Willemite, 301. 
Williamsite, 851. 
Wilsonite, 858. 

Winklerite, 872. 
Winkworthite, 882. 
Wiserine, 277, 364 
Wisrautb, Gediegen, 227. 
Wismuthglanz, 232. 
Wismuthocker, 284 
Wismuthspath, 412. 
Witherite, 406. 
Wittichenite, 254 
Wocheinite, 281. 

WGhler ite, 300. 
Wolfaehite, 247. 

Wolfram. 888. 
Wolframite, 883. 
Wollastonite, 291. 
Wollongongite, 416; 488. 
Wood-opal, 289. 

Wood tin, 275. 
Woodwardite, 397. 
WOrthite. 832. 

Wulfenite, 384 ; 440. 
Wilrfelerz, 376. 

Wurtzitc, 242, 426. 


Xantholite, 437. 
Xanthophyllite, 858; 440. 
Xanthosiderite, 281. 
Xenotime, 364; 440. 
Xyloretinite, 415. 

Yenite, 309. 

Yonngite, 440. 

Yttergranat, 808. 
Ytterspath, 864. 

Yttrium phosphate, 864 
Yttrocerite, 264 
Yttrogummite, 428. 
Yttrotantalite, 361, 862. 
Yttrotitanite,886. 

Zaratite, 410. 

Zeolite section, 842. 
Zepharovichite, 376. 
Zeunerite, 879. 

Ziegelerz, 266. 

Zietrisikite, 414 
Zinc, Native, 226. 

Zinc aluminate 272. 
arsenate, 378. 
blende, 287. 
bloom, v. Hydradncite. 
carbonate, 404, 410. 
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Zinc ore. Red, 266. 
oxide, 266, 278. 
silicate, 801. 839. 
sulphate, 395, 440. 
sulphide, 237, 242. 
Zincaluminite, 440. 
Zincite, 266. 


Zinkblftthe, 410. 

Zinkenite, 250. 

Zinks path. 404. 

Zinnerz, Zinnstein, 275. 
Zinnkies, 241. 

Zinnober, 240. 
Zinmvalditc, r. Lepidollte. 


Zippcite, 397. 
Zirvon, 804; 440. 
Zoisite. 808. 
Zoblitxite, m. 
i Zonochlorite, 840. 
i Zorgito, 237. 
Zwiem lite, 869. 













